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PEOPLE AND EVENTS 


Mason H. Campbell, Former Dean at URI, Dies 


Mason H. CAmMpBELL, dean of the College 
of Agriculture and direetor of the agricultural 
experiment station at the University of Rhode 
Island from 1942 until his retirement in June, 
1959, died at Rhode Island Hospital recently. 
He was 66. 

An outstanding authority on dairying and 
other phases of agricultural science, Dr. Camp- 
bell was the author of 
a number of scientific 
publications and was 
sent by the U. 8. Gov- 
ernment on two foreign 
assignments. 

In 1954 he was given 
a year’s leave of ab- 
sence to serve as chief 
agriculturist in Egypt 
for the Foreign Agri- 
cultural Service of the 
; Ft - S. ee of 

Agriculture. In this ea- 

M. H.Campbell pacity he directed Point 

Four technical aid for Egypt’s agricultural 
program. 

In July of last year Dr. Campbell repre- 
sented the United States as a consultant to 
the conference of the Organization for Euro- 
pean Economie Cooperation in Paris. 

A native of Genoa, Ill, Dean Campbell 
earned the Bachelor of Science degree from the 
University of Illinois in 1917. The University 
of Wiseonsin conferred the Master of Science 
degree in 1918 and the Degree of Doctor of 
Philosophy in 1932. 

Dr. Campbell was on the faculty of the 
University of Illinois from 1918 until 1927 and 
on the faculty of the University of Vermont 
from 1927 until 1941. He served for a brief 
period as production manager for the Walker- 
Gordon Laboratories of New England before 
coming to Kingston. 

Upon his retirement as dean at the Uni- 
versity of Rhode Island, Dr. Campbell was 
presented plaques lauding his services by the 
Deans of Agriculture of the New England 
Land-Grant Colleges and the Rhode Island 
Agricultural Conference. 

A reading room in the new Carl R. Wood- 
ward Agricultural Science Laboratory at URI 
was dedicated in Dean Campbell’s honor last 
May. 

Dr. Campbell was a former chairman of the 
board of the National Project of Agricultural 
Communications. 

He was a member of the New England 
Council, the American Dairy Science Associa- 
tion, the State Soil Conservation Service, East- 
ern States Exposition, Northeastern Experi- 
ment Station Directors, the American Agri- 
culturist Foundation and the state relations 
committee of the Experiment Station Division 





of the American Association of Land Grant 
Colleges and State Universities. 

Dr. Campbell was a past president of the 
South Kingstown Lions Club, was moderator 
of Kingston Congregational Church, a former 
officer of the West Kingston Grange and a 
member of the Rhode Island State Grange and 
of the Tavern Hall Club. He also held mem- 
bership in Sigma Xi, Gamma Sigma Delta, 
Alpha Zeta, Phi Sigma and Phi Kappa Phi 
Fraternities, 

Dean Campbell lived at 48 North Rd., 
Kingston. 

He is survived by his widow, Mrs. Georgia 
(Brownfield) Campbell; a daughter, Miss Janet 
Campbell of Kingston; a son, Mason H. Camp- 
hell of Topsfield, Mass.; three sisters, Mrs. 
J. B. Clark of Seattle, Wash.; Mrs. Leslie 
Shepard of Short Hills, N. J., and Mrs. L. K. 
Halderman of Bredenton, Fla.; two brothers, 
F. N. Campbell of Washington, D. C., and 
Rea Campbell of Auburn, IIl., and three grand- 
children. 


P. C. McGilliard Dies 


P. C. McGtuuiarp, Professor Emeritus of 
Dairy Production at Oklahoma State Univer- 
sity and American Jersey Cattle Club Classi- 
fier, passed away November 6, 1960, at the 
age of 69. 

A native of Ohio, MeGilliard graduated from 
Kansas State in 1916. Later, he did some 
graduate work at both 
Kansas State and Okla- 
homa State. He served 
as Sedgewick County 
(Kansas) CTA tester 
im: 1017, im the U. S&S. 
Army 1918-1919, as as- 
sistant herdsman for 
Stubbs farm (Mulvane, 
Kansas) 1919-1920, as 
Instruetor at Kansas 
State from 1920-1924, 
and on the Oklahoma 
State Dairy staff from 
1924 until his death. 
He was in charge of 
Advanced Registry testing in Oklahoma for 
15 yr., in charge of the Oklahoma State dairy 
herd from 1924-1929, and American Jersey 
Cattle Club Classifier from the time of his 
retirement in 1957. 

Professor McGilliard was widely known as 
a dairy cattle judge and served as an official 
judge for the Jersey and Ayrshire breeds. He 
did much of the pioneering dairy improve- 
ment work in his state, both by example and 
a number of publications. His most outstand- 
ing cattle judging team won the Waterloo 
Contest in 1956. 

Both before and following his retirement 
he was honored for many contributions to 





P. C. McGilliard 
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dairymen. The dairymen of Oklahoma and his 
former judging teams and students gathered 
on the Stillwater campus to hold a P. C, 
McGilliard Day when he retired. A long-time 
member of A.D.S.A., he attended the last 
association meeting in June, 1960. He main- 
tained a keen enthusiasm for life, nature, fish- 
ing, golfing, and Masonry (a 32nd-degree 
member). 

He is survived by his widow, Laura, two 
daughters, Mrs. R. W. Schuetz and Mrs. W. E. 
Morris, two sons who have followed their 
father’s career, Lon of the Department of 
Dairy Science at Michigan State and Dare of 
the Department of Animal and Dairy Hus- 
bandry at Iowa State, and eleven grand- 
children. 

Death of J. O. Tretsven 


JoHN Oscar TRETSVEN, 75, died of a heart 
attack November 5, at Burlington, Washing- 
ton, where he was employed by the Evergreen 
Northwest Breeders Association. 

Professor Tretsven went to Montana State 
College in 1909 as dairy herdsman after com- 
pleting a dairy short course at the University 
of Wisconsin. Although not a high school 
graduate, he pursued college work while on 
the job and earned the B.S. degree, at which 
time he was appointed as the first extension 
dairyman for Montana. In 1932 he took a 
sabbatical leave and earned the M.S. degree 
at Washington State University. 

For a time he had a triple assignment at 
MSC as teacher, extension dairyman, and 
principal of the short courses in Agriculture. 
Later, he devoted full time to developing 
dairy production in Montana. He was a pro- 
lific writer of bulletins, cireulars, leaflets, and 
timely articles pointed toward helping dairy 
farmers improve their situation. He was an 
aggressive leader in DHIA work, open-shed 
housing, milking parlors, and other innova- 
tions that have been adopted by dairymen and 
are now used throughout the country. Osear, 
the name by which he was affectionately known 
to all, has been referred to as The Father of 
Dairy Production in Montana. 

At the 50th Annual Meeting of the American 
Dairy Science Association he was the recipient 
of the DeLaval Extension Award for 1956, 
one of the highest honors which can be 
achieved by any person. 

Upon reaching retirement age, he retired 
from active extension duties in 1956. Since 
his dairy work was his life and a voeation, 


he did not give it up after retirement. He 
accepted a part-time job as sire analyist 


for Evergreen Northwest Breeders Association, 
the work he was pursuing at the time of his 
death. 


Professor Tretsven leaves a widow, Alice, 


who resides in Bozeman, a son, Dr. Wayne 
Tretsven, Seattle, Washington, two daughters, 
Mrs. George C. 


(Lois) Bailey, Kathmandu, 
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Nepal, and Mrs. Arthur (Vivian) Pope, Madi- 
son, Wisconsin. 


John P. Mixner New Head Rutgers University 
Dairy Department 


J. P. Mrxner, 45, has been chosen to sue- 
ceed J. W. Bartuert as chairman of the Dairy 
Science Department at Rutgers University, 
effective July 1. 

Dr. Mixner, a native of Bridgeton, has been 
on the staff of the Rutgers Dairy Research 
Farm in Beemerville, Sussex County, since 
1947. He is noted for 
his research in animal 
breeding, physiology of 
mammary gland growth 
and lactation, artificial 
breeding, and _ related 
topies. 

He studied dairy hus- 
bandry at Rutgers and 
graduated in 1936. He 
received his Master of 


Science Degree from 
utgers i 938, ¢ 
Rutg in 1938, and 


continued his studies at 
the University of Mis- 
souri, which awarded 
him the Ph.D. in 1943. After 4 yr. of teaching 
at Louisiana State University, Dr. Mixner was 
named associate professor at Rutgers. He 
became full professor in 1956. 

In 1959 the New York Farmers presented 
a bronze medal and $500 to Dr. Mixner for 
his outstanding research in the Northeast. 

During his undergraduate years at Rutgers 
he was a member of the intercollegiate dairy 
and apple judging teams. He was elected to 
Alpha Zeta and Kappa Phi Kappa honorary 
fraternities. While he was a candidate for 
the Master’s Degree he was elected an asso- 
ciate member of the Society of Sigma Xi. 

Dr. Mixner is a member of the American 
Dairy Seience Association, American Society 
of Animal Production, American Association 
for the Advancement of Science, The Endo- 
erine Society, Society for Experimental Bi- 
ology and Medicine, American Physiological 
Society, New York Academy of Science, and 
International Fertility Association. Also, he 
is on the Editorial Board of the JouRNAL oF 
DatryY SCIENCE. 

He was invited to present a paper at the 
International Dairy Congress in London in 
1959. Dr. Mixner is author or co-author of 
75 research papers. He has won special notice 
with his publication of papers describing work 
at the Beemerville Station in freezing and 
storing bull semen. 


SECRETARY’S COLUMN 
January 20, 1961 


I am sorry to report that about one-third 
of 2,600 members did not renew their member- 
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Modern Sanitizer and Cleaner 
Provides Extended Bactericidal Activity 


Extensive lab tests and dairy experience 
conclusively prove that PENNSAN is an 
effective sanitizer. Further, it retains its 
bactericidal power even after drying on 
stainless steel for as long as 24 hours! 


Y% REDUCTION IN BACTERIAL COUNT 
AFTER EXPOSURE ON STAINLESS STEEL 














1 hr. 4 hrs. 7 hrs. 24 hrs. 
ESCHERICHIA COLI 
Trial 1 100 99.2 100 99.5 
Trial 2. 100 99.2 99.6 98.9 
Trial 3 99.6 98.2 99.2 100 
MICROCOCCUS CASEOLYTICUS 
Trial 1 98.9 99.5 98.0 100 
Trial 2 99.5 96.5 98.5 100 
Trial 3 100 94.5 99.0 99.5 





PENNSAN is the superior bactericide 
serving modern sanitization. It removes 
and prevents milkstone and films, works 


in even hardest water, brightens and con- 
ditions stainless steel, controls bacterio- 
phages without affecting starter cultures. 
PENNSAN is a unique chemical sanitizer 
—a new concept to serve more sanitizing 
and cleaning needs. 


Write now for free booklet to B-K Dept. 
PENNSALT CHEMICALS CORPORATION 
East: 3 Penn Center, Phila. 2, Pa. 

West: 2700 S. Eastern Ave., Los Angeles, Cal. 


Pennsalt 


Chemicals 


ESTABLISHED 1850 
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ship for 1961 by January 1. We have re- 
moved their membership cards from the file, 
stamped them, Suspended, and returned them 
to the Garrard Press. The Garrard Press 
removed the Journal address plates from their 
file and returned the cards to us. As these 
memberships are paid, we stamp the ecards 
Reinstated, send them to the Garrard Press 
who reinstate the address plates in their file 
and return the cards for our file. Conse- 
quently, some members will receive their Janu- 
ary JOURNAL later than usual. 

[ have written and spoken about this so 
much that it is an old story. I was interested 
to see if our records would indicate reasons 
for so many delayed payments. The following 
figures were obtained: Of 314 members in 
1960 who had not paid their dues by Janu- 
ary 20, 1961, 42% did not pay them after 
January 1, 1960. On the other hand, of 
239 members picked at random who paid 
their 1961 dues by December 31, 1960, only 
14% paid them after January 1, 1960. It 
appears that paying dues is largely a matter 
of habit, the same as paying other bills. 

In a happier vein, I am glad to report that 
334, or nearly half of those outstanding on 
January 1, 1961, paid their dues between 
January 1 and 20. Please keep the cheeks 
coming! 


NEWS FROM THE UNIVERSITIES 
Florida 


The Borden Award for 1960, consisting of 
a check for $300 and a certificate of achieve- 
ment, was presented to W. A. THORNHILL, 
January 13, 1961. His name was added to the 
bronze plaque which hangs permanently in 
the Dairy Science Building. 

Mr. Thornhill is a senior in dairy manufae- 
turing at the University of Florida. He will 
craduate with a B.S. degree in June, 1961. 
His home is in Lakeland, Florida. 

He is also the recipient of a dairy scholar- 
ship provided by some of the dairy manufac- 





Dolph Allison of the Borden Company present- 
ing the Borden Award to W. R. Thornhill, with 
E. L. Fouts, Head of the Department of Dairy 
Science, University of Florida, looking on. 


turing organizations in Florida. He has served 
6 mo, in the Army and is in the Army Reserve. 


J. B. Boosinger Wins Virginia Dare Award 


J. B. Boostncer of Bradenton, Florida, sen- 
ior student in Dairy Manufacturing in the 
Department of Dairy Science, University of 
Florida, received the Virginia Dare Award 
for 1960-61. The award, consisting of a ma- 





J. B. Boosinger receives the Virginia Dare 
award, with Dr. E. L. Fouts, as Dr. L. E. Mull 
makes the presentation. 


hogany plaque and a $25 cash award, is made 
available by the Virginia Dare Extract Com- 
pany of Brooklyn, New York, each year to an 
outstanding student in Dairy Science. 

Mr. Boosinger, following graduation in Au- 
gust, 1961, plans to enter industry after com- 
pleting military service. 


Illinois 


MARGARET SANGER RESEARCH BUREAU 
December 21, 1960 
Dr. N. L. VanDemark 
Department of Dairy Science 
University of Illinois 
Urbana, Illinois 
Dear Dr. VanDemark: 

The Proceedings of the Fourth Biennial 
Symposium on Animal Reproduction has more 
meat in it than many large volumes. 

We should have another copy, and I would 
appreciate having a copy sent, with the bill. 

With best wishes, 

Cart G. Hartman, Ph.D. 
Research Consultant 


Minnesota 


Johnson Wins Virginia Dare Award 


H. D. JoHNson has received the Virginia 
Dare Award for excellence in judging dairy 
products. 
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Memo to Research and Production Managers: 


























HOMOGENIZATION IN NEW PRODUCTS RESEARCH 


SS a 














cP now offers THREE DIFFERENT HOMOGENIZING VALVES that can 

be used in NINE different combinations for the greatest 
versatility in homogenizing equipment for EXPERIMENTAL RESEARCH 
or COMMERCIAL PRODUCTION. 





The BELL-FLOW Homogenizing Valve is 4 single service type 

made of compressed stainless steel wire that is unsurpassed in 
homogenizing effect on fluid milk products. For fluid milk 
products, a single stage is used. A second stage is now avail- 
able for experimental research, for special effects, and for 
greater ranges of viscosity control in evaporated milk and 
special products-especially those which contain vegetable oils. 








The TURBO-FLOW Homogenizing Valve is designed for ice cream 
mixes, evaporated milk, salad dressings and products containing 
fibers and/or abrasive particles. It is @ single service type 
with a replaceable valve seat. While this valve is usually 

used in @ single stage arrangement, it can be combined with a 
second stage of either the Bell-Flow or Shear -Flow Valve. 








The SHEAR-FLOW Homogenizing Valve is 4 precision-made solid 
type with face and seat of Stellite- It is available in single 
or two stage assemblies. The working surfaces are designed to 
give maximum shear at relatively low pressures for a 
conventional type valve. 














cP stainless homogenizers are available in sizes from 50 to 
7000 gallons per hour, pressures to 5000 psi, and with poppet - 
type or ball-type suction and discharge valves. All are 
gearless, quiet, economical, smooth operating machines with 
stainless exteriors as well as product contacting parts. 


























For further advice on your homogenizing and processing equipment 
For further adn ocak CP representaioe ot write GAN ©" 











very truly yours, 


LL) otto 


H. L. Mitten 
Director of Technical Sales 































































































































































































































































































8 JOURNAL OF DAIRY SCIENCE 


Johnson, a senior in dairy industries at the 
University of Minnesota’s College of Agricul- 
ture, Forestry and Home Economies, has been 
presented with a plaque and a check for $25, 
according to S. T. Couurrer, head of the Dairy 
Industries Department. 

The award is furnished by the Virginia Dare 
Extract Co., New York, for the dairy indus- 
tries senior who has excelled in over-all scho- 
lastic achievement and judging ability in evalu- 
ating quality dairy products. 

Johnson is the son of Harold E. Johnson, 
Manager of Fergus Dairy, Fergus Falls, Minn. 


Dairy Industries Student Awarded $200 


Scholarship 
P. F. O’CoNNELL, LeCenter, has been 
awarded a $200 Minnesota Dairy Industry 


Seholarship in the University of Minnesota 
College of Agriculture, Forestry and Home 
Economies for the winter and spring quarters 
of 1961. The scholarship is awarded on the 
basis of academic aptitude, vocational promise, 
personal attributes, and leadership. O’Connell, 
a junior in the dairy industries curriculum, 
plans to enter the field of dairy enterprise 
management after graduation. This is a field 
greatly in need of persons who have the back- 
ground O’Connell is acquiring at the Univer- 
sity, according to S. T. Counter, head of the 
Department of Dairy Industries at the Uni- 
versity. 


Nebraska 


The Dairy Husbandry Department at the 
University of Nebraska has scheduled a two- 
day conference for April 4 and 5, 1961, on 
market milk and milk produets. The first 
day’s program will be devoted to Market Milk 
Problems and the second day to Cottage Cheese 
and Cultured Milk Problems. Demonstrations, 
clinies, panel discussions, and lectures will 
be used in presenting the material. 


North Dakota 


As a result of the vote of the people in the 
State, on November 8, 1960, the name of the 
North Dakota Agricultural College was 





Projects, Consultation, and Production 
Control Services in 
Biochemistry, Chemistry, Bacteriology, Toxi- 
cology—lInsecticide Testing and Screening. 


Write for price schedule. 


WISCONSIN ALUMNI RESEARCH 
FOUNDATION 


P.O. Box 2217-X, Madison 1, Wisconsin 











changed to North Dakota State University of 
Agriculture and Applied Science. The change 
became effective December 8, 1960. 


Ohio 

Plans are complete for the 28th Annual 
Dairy Technology Conference, to be held Feb- 
ruary 7-9 at The Ohio State University. The 
program will be centered around the theme 
of Problem Solving in Science and Manage- 
ment. In addition to members of the Univer- 
sity faculty, nearly 40 visiting university and 
industry speakers will participate in the five 
seetions of the Conference: Dairy Plant Man- 
agement and Operations; Field Program; 
Dairy Engineering; Technical Control and 
Cultured Milk Products; and Ice Cream 
Operations. 


The 10th Annual Short Course in Milk 
Sanitation and Public Health will be held on 
The Ohio State campus the week of March 
20-24. This program is a cooperative venture 
between the Department of Dairy Technology, 
The Ohio State Department of Agriculture, 
and The Ohio State Department of Health. 
It provides intensive instruction, primarily 
by Dairy Technology staff members, in basic 
and advanced considerations of the public 
health aspects of milk sanitation. To achieve 
maximum utilization of facilities, enrollment 
is limited to 50. 


T. K. Hamiron, president of Diamond Milk 
Products, Columbus, was presented with the 
Outstanding Citizen Award of the Home Build- 
ers Association of Greater Columbus, in recog- 
nition of his many civie contributions. These 
have included service as president of United 
Appeal, trustee of several hospitals, and par- 
ticipation in many other civic, church, and 
Dairy Industry organizations. In 1952, Mr. 
Hamilton was awarded The Department of 
Dairy Technology Certificate of Recognition 
for his outstanding contributions to the Dairy 
Industry. 


Recent visitors to The Department of Dairy 
Technology include T. SvorGarps, Research 
Director of Milk Centralen, Stockholm, Swe- 
den, and G. Batngs, Assistant Director of the 
Wellington, New Zealand, Milk Administra- 
tion. 

Tennessee 

The 5th Biennial Symposium on Animal 
Reproduction will be held at the University 
of Tennessee, Knoxville, on August 3 and 4, 
1961. Information concerning the program 


may be obtained from R. L. MurpHrREE, Ani- 
mal Science Building, University of Tennessee, 
Knoxville, Tennessee. 
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CALCIUM 
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AT 


IMPORTANT. 


YES ...and the importance of calcium 

is best observed in people who have always 
enjoyed sufficient amounts of milk. Shape... 
stature ... locomotion . . . all are dependent 
upon the support given the body by the 
skeleton and its main constituent: calcium. 
Over 99% of this element in the body resides 
in the bones and teeth where it lends rigidity 
to these tissues and is stored for future needs. 
The remaining 1% serves several vital 
functions . . . in the clotting of blood, the 
activation of enzymes, and the transmission 
of nerve impulses to the heart 

and other organs. 


In some areas of the world, low calcium, 
phosphorus and vitamin D intakes combine 

to cause growth retardation and bone 
deformities. Calcium intake must be adequate, 
along with adequate phosphorus and 

vitamin D, to treat infantile rickets and adult 
osteomalacia. Milk and milk products... 
particularly those fortified with vitamin D 

. .. more than any other food group . . . have 
been responsible for the infrequent occurrence 
of these diseases in the United States. 


While growing animals are most susceptible 
to calcium deficiency, a low intake in mature 
animals can lead to osteomalacia .. . 

a disease characterized by decalcification and 
fragility of the bones. A deficiency in 
human adults is most likely to occur in 
women during pregnancy and lactation... 
when failure to consume adequate amounts 
of calcium may cause bone depletion in 

the mother and in the child. 


Normal calcium metabolism is dependent 
upon several other factors, including 
phosphorus for bone salt formation... 
vitamin D and lactose for efficient calcium 
absorption . . . and protein for the synthesis of 
bone matrix. Thus calcium in the diet should 
be accompanied by all those nutrients 
necessary for its proper utilization. When 
milk is the source of calcium, these and other 
PLUS factors will also be provided. 


Milk and other dairy foods stand alone in 

their ability to provide calcium needed for all 

body processes in a form that is highly 

palatable, easily digested, and readily absorbed 
. . and they also provide other nutrients 

that contribute to a balanced dietary 

and buoyant health. 

The nutritional statements made in this advertise- 

ment have been reviewed by the Council on Foods 

and Nutrition of the American Medical Associa- 

tion and found consistent with current authoritative 

medical opinion. 





AVAILABLE ON REQUEST: 
Reprints of this series of messages on Calcium 
NEW CALORIE-RESTRICTED DIET SHEETS 


——) 
A natn Le 
RY ca 
NATIONAL DAIRY COUNCIL 


111 NORTH CANAL STREET ¢ CHICAGO 6, ILLINOIS 








Since 1915 promoting 
better health through 
nutrition research 
and education 
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Purdue 


F. N. Anprews, Head of the Dairy Depart- 
ment at Purdue University, has announced 
two, one-day meetings to be held in March, 
1961. The Market Milk Conference will be 
held on Mareh 15 and the Iee Cream Conter- 
ence on March 16, in the Memorial Center at 
Purdue University. The conferences are an 
annual affair sponsored in cooperation with 
the Indiana Dairy Products Association. 

The Market Milk Conference will include 
diseussions on High Temperature Pasteuriza- 
tion of Milk, Operation of Federal Milk Mar- 
keting Orders, Recent Developments in Milk 
Packaging, and Accounting for Bulk Tank 
Milk Receipts. The program will be concluded 
with a milk and buttermilk elinie. 

The Iee Cream Conference will inelude a 
Purdue research report on Least Cost Ice 
Cream Ingredients and discussions on Appli- 


eations of Automation in Ice Cream Proe- 
essing, The Kentucky Fair Trade Practices 
Law, and Pasteurization of Iee Cream Mix. 


The will be concluded with on ice 


cream 


meeting 
elinie. 
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inary Science, West Virginia University, Mor- 
ganstown, West Virginia. 
Wisconsin 
The Annual Paul-Lewis Awards for scho- 


lastie achievement in the Dairy Short Course 
at the University of Wisconsin were recently 
conferred on four members of the 1960 class. 
At ceremonies during which Harotp JACKSON 
and WALTER Price of the University staff dis- 
cussed the accomplishments of the entire class, 
Messrs. DarreL NatzkKe, Ropert Rorrer, 
WayNe Hurpectss, and Ropert RUHLAND were 
singled out to receive the achievement awards, 
based on their scholastic standing. Each re- 
cipient received a certificate of achievement, 
presented by AuGUST SUEMNICHT, president 
of the Wisconsin Cheese Makers’ Association, 
and a eash award of $100 presented by Caru 
DEDERICH, manager of the Paul-Lewis 
Dairy Division. 

These awards are made annually and are 
administered by the Wisconsin Cheese Makers’ 
Association. Paul-Lewis instituted the awards 
in 1957 to stimulate interest in the Dairy 


sales 





Dr. W. V. Price; August Suemnicht, president Wisconsin Cheese Makers’ Association; 
Darrel Natzke, Thorp, Wis.; Robert Rotter, Oconto Falls, Wis.; Wayne Huibiegtse, Campbells- 
port, Wis.; Robert Ruhland, Ottawa, Ill.; and Myron Dean and Norman Olson, Assistant 


Professors at University of Wisconsin. 


Members of Purdue’s Dairy Department and 
Agricultural Economies Department will par- 
ticipate, as well as other recognized univer- 
sity and dairy industry authorities. 


West Virginia 


A symposium on Magnesium and Agricul- 
ture was held at West Virginia University on 
September 3 and 4, 1959. Copies of the Pro- 
ceedings are now available at $2 per copy, 
and may be obtained by writing to D. J. 
HorvatH, Department of Animal and Veter- 


Short Course, which had been dropped in that 
year due to poor enrollment. This year’s 
course attracted students from a radius of 
1,000 miles of Madison. 


INDUSTRY NEWS 
New Dairy Plant in India is a Model 


Ultra-modern dairy equipment will be proc- 
essing India’s traditional ghee, milk, and other 
dairy products in Southeast Asia’s largest and 
most modern dairy, which was opened recently 
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TERRAMYCIN" 


paano OF ONYTETRACICLIME 


for Dairy Cows 





MILK PRODUCT ION INCREASED 


Report on 17 Trials 


Tests with 2,370 cows show: 
Terramycin’in feed 
increases milk production 


LF 


This latest report summarizes the results of 17 feeding trials 
conducted in six states by Pfizer Agricultural Research and 
Development Department. 
Terramycin-fed lactating cows in these 186-day trials 

averaged: 

e 0.87 lbs. more milk per cow per day 

¢ $6.83 more profit over cost of Terramycin 
Write for your copy of Status Report #8—Terramycin for 
Dairy Cows. You’ll find it a useful addition to your file. 


Write to: Chas. Pfizer & Co., Inc., Agricultural 
Research and Development Dept., Terre Haute, Indiana. 
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DETERGENTS IN 


KLENZ-PAK 


AT NO INCREASE IN COST | 








(KLENZADE 





KLENZ-PAK PROTECTS 


CHLORINATED PRODUCTS 
MAINTAINS QUALITY — PREVENTS CAKING 


SHIPPED SEALED 


Easy handling 50 Ib. unit. Inner poly- 
ethylene liner can quickly and re- 
peatedly be air-sealed. Protects 
contents to the last ounce. Sealed 
against dampness and water seep- 
age. Hinge type cover keeps out 
dust. Another example of Klenzade 
progress . . . to give the very finest 
in sanitation service and products 


— first. DEPT. 20B 


Ask Your KLENZADE Representative 
KLENZADE PRODUCTS, INC. 


Systematized Sanitation All Over the Nation 
BELOIT, WISCONSIN 
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by the President of India in New Delhi. The 
Alfa-Laval Company of Sweden has supplied 
all the equipment for this plant, which is 
scheduled for an initial production of 250,000 
liters a day, later to be increased to 450,000 
liters, or about 100,000 Imperial gallons. 

The dairy is a gift to India from New 
Zealand, which donated 800,000 lb. to finance 
the construction and equipment of the plant. 
It is expected to serve as a model training 
school for dairy students from India and 
neighboring countries. 

Featuring the most advanced milk proe- 
essing equipment in the world, the Delhi Cen- 
tral Dairy has been equipped, in addition to 
the usual pasteurization equipment, with two 
types of Alfa-Laval units for ultra-high tem- 
peratures of milk, which insures better keep- 
ing qualities. Milk will be treated in clari- 
fixators, a device developed by the Swedish 
company, which homogenizes and clarifies milk 
simultaneously. Twelve 15,000-liter storage 
tanks have been installed, while a plate cooler 
with two independent sections will handle 
5,000 liters per hour in each section. 

Swedish-designed equipment has also been 
installed for making butter, butter oil, and 
ghee. Ghee is a relatively water-free product 
which is widely used as cooking fat through- 
out India. An Alfa-Laval vacuum unit will 
treat cream obtained from the separation of 
milk, and stainless steel butter churns will 
produce about a ton of butter in one churning. 

Milk collection and distribution are being 
revolutionized by this new plant. The farmer 
will sell milk directly to one of the 30 coop- 
erative milk collecting and cooling stations 
which are about five miles from the main 
plant. Similar plants are being planned in 
other cities in India, and the milk will be 
distributed in one-half- and one-fourth-liter 
bottles in the urban areas. This will be the 
first major application of the metric system, 
which has recently been introduced in India. 


Beatrice Foods Honors Staff 


Twelve members of the general office staff 
of Beatrice Foods Co. were honored recently 
at an awards luncheon at the Palmer House. 

EKpNA J. MERCHANT received an anniversary 
cake from President W. G. KARNES in recog- 
nition of 45 yr. of service to the company. 
Miss Merchant is in charge of the cabinet de- 
partment, which maintains records on the com- 
pany’s ice cream cases located in all sections 
of the country, maintaining records for more 
that 50 thousand cabinets in retail stores. 

Others receiving special service emblems at 
the luncheon were F. C. Sauer, director of 
cream procurement, 35 yr.; W. L. Ditasr, See- 
retary, General Counsel, and a director of the 
company, 30 yr.; GeorGe REEDER, director of 
milk and ice cream quality control, 20 yr.; 
CLAUDE Harper, JR., director of butter quality 
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control, and C. S. MorGan, sales manager for 
national accounts, both 15 yr.; Econ Boun, 
plant engineer, and Rotanp KOHLER, quality 
control chemist, both 10 yr., and Marte YONG, 
E. A. BERNARDONI, research chemist, Mrs. 
HELEN GARDNER, statistical typist, and JEANNE 
Warson, stenographer, all 5 yr. of service. 


New Appointments at Borden’s 
The appointments of E. T. KENEALY as vice- 
president in charge of production and L. W. 
SMITH as vice-president in charge of sales for 
The Borden Company’s Western Division have 
been announced by L. S. MERRILL, division 
president. 


Owens-Illinois Expands 


Owens-Illinois Glass Company announced 
today the establishment of a new glass con- 
tainer sales division to be known as Preserve 
Products and Tumbler Sales which will be 
headed by R. E. Davis, Dairy Products Sales 
manager. 


Nestlé Dedicates Chocolate Plant in California 


The Nestlé Company, Ine. recently dedicated 
a new $5 million plant in Salinas to manu- 
facture chocolate products for its Western 
consumers. 

The plant site occupies 38 acres. The struc- 
ture is poured conerete, enclosing 150,000 
square feet. The office building, with 20,000 
square feet, is face brick. A paved parking 
area holds 130 vehicles. The plant is modern 
and highly automated. It contains two com- 
plete laboratories for maintaining quality con- 
trol at every step in production. Of particular 


THIS MAN IS 
WASHING MONEY 
DOWN THE DRAIN 


Manual cleaning is one of the fastest 
ways to waste money. It can increase 
your labor costs and shrink profit mar- 
gins considerably. But a Cherry-Burrell 
automatic Clean-In-Place system elimi- 
nates manual cleaning, offers many time 
and labor-saving advantages, and gives 
you a better, more sanitary product. 
And only Cherry- Burrell can give you 
the complete line of fittings and C-I-P 
equipment needed to increase your 
operation’s efficiency. 


You can convert from manual cleaning 
to automatic C-I-P in one of two ways: 
all at once; or through Cherry-Burrell’s 
Progressive Automation Plan — an eco- 
nomical, step-by-step plan for automa- 
tion. But the important thing is to plan 
now. Let a Cherry-Burrell sales engi- 
neer help you reduce man-hours and 
increase efficiency in your operation. A 
call to Cherry-Burrell today can mean 
an increased profit margin tomorrow. 


CHERRY- BURRELL 


1OnN 





CEDAR RAPIDS, IOWA 
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When You Want the ONE 
Stabilizer or Emulsifier 
most useful to YOU... 





call for the man from 


National PECTIN, | 


It’s Just Like 






Having An 
Extra Man In Your es a 
Quality Control | | | a 
Department ' 

° —— 


You actually get two-for-one service in 
dealing with National Pectin. First, you 
get a personal, highly specialized service 
to help solve any dairy production or 
quality control problems. Second, we'll 
help you select (from the widest possible 
variety of stabilizers and emulsifiers) the 
product most suitable to your needs for 
frozen dairy products or cottage cheese. 


We Invite 


your problems. 

The entire staff and 
complete facilities 

of our laboratory are 
at your service, to 
assist you in producing 
a better product 

more efficiently. There 
is no cost to you... 
no obligation. 





‘ . 
-National Pi) Company | 


2656 W. CULLERTON ST. CHICAGO 8, ILLINOIS | 
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interest is the fact that the plant is virtually 
earthquake-proof. 


Western Condensing Company Appoints 
J. R. Holstrom and W. L. Bermel 


J. R. Houstrom has been named Food Prod- 
ucts Sales Manager of Western Condensing 
Company, Division of Foremost Dairies. In 
his new capacity he will assume sales respon- 
sibility for Western’s complete line of milk 
produets for the food industry. 





W. L. Bermel 


J. R. Holstrom 


W. L. BermMew was recently appointed Dis- 
trict Sales Manager for the North Central 
Zone, Food Products Division, with his office 
located in Minneapolis. Prior to becoming as- 
sociated with Western he was with the Russell- 
Miller Milling Company and attended the 
University of Minnesota. 


Completed Thesis 


Ph.D. Degree: 

J. C. DeFries—Inter-line and _ inter-line 
variability in a population of Drosophila 
subjected to two intensities of selection 
in each of two directions. University of 
Illinois, Urbana. 


Dairy Technology Societies 


Atlanta—Don Olson, National Sales Man- 
ager, KrimKo Corporation, Chicago, Illinois, 
was the speaker at the January 9 meeting, 
held at Mrs. Pritchett’s New Restaurant, in 
Decatur. 

Central Illinois—January 11 meeting was 
held at the Illinois Hotel, Bloomington. 
Speaker: Dr. Jack Albright, Department of 
Dairy Science, University of Illinois. Subject: 
Mastitis and Antibiotics. 

Central Michigan—The January 18 dinner 
meeting was at the High Life Inn. Dr. Arthur 
Mauch spoke on Prospects for the Dairy In- 
dustry and Farm Programs. 

Detroit—A Cottage Cheese clinic conducted 
by Professor J. M. Jensen featured the Janu- 
ary 9 meeting held at Cregars on Grand River. 
February 6 was the date of the annual joint 
meeting with the ice cream manufacturers of 
metropolitan Detroit. Paul Potter, Editor of 
Labor Review, was the speaker. 
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Accurate profit-control is the job of Mojonnier Milk 
Testers for standardizing butterfat and total solids 
content. « Mojonnier Testers have been a must for 
profitable dairy operation over 45 years. « Fat Deter- 
mination accurate to .03 of 1%. Total Solids Tests 
accurate to 1/10th of 1%. 


Write for full details today 


MOJONNIER BROS. CO. 
4601 W. OHIO ST.,.CHICAGO 44, ILLINOIS 


; ; MILK 
/ QUALITY ENGINEERED FOR ECONOMY TESTERS 


STANDARD THROUGHOUT THE WORLD 
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Kansas—Program for the evening meeting 
on January 9 consisted of a special panel dis- 
cussion on market milk and ice cream prob- 
lems. Moderator was Ross Mickelson, Dairy 
Department, Kansas State University, Man- 
hattan. The January 26 meeting program sub- 
ject was Automation and Sanitation, featur- 
ing Ronald B. Douglas, Klenzade Products 
Co., Beloit, Wisconsin, as speaker. 

Metropolitan—A cocktail-dinner meeting 
was held January 10 at Gasner’s Restaurant, 
New York City. Topie: Technology at the 
Crossroads—Industrial Challenges of the 60’s. 
Speaker: Donald H. Williams, Technical Di- 
rector, Dairy Industries Supply Association. 

North Carolina—To give the members first- 
hand information on the role of small busi- 
nesses in the U. S. economy, and on how the 
Small Business Administration can be of as- 
sistance, the group engaged as speaker at the 
January 11 meeting Robert B. Horning, Branch 
Manager, Small Business Administration, 
Charlotte. His topic: How the Small Business 
Administration Can Assist the North Carolina 
Dairy Industry. 

Ohio—To facilitate attendance of the mem- 
bership at the Dairy Technology Confer- 
ence at Ohio State University, February 7-9, 
the Cincinnati, Maumee Valley, Central Ohio, 


and Northeastern Dairy Technology Soci- 
eties did not hold individual meetings in 





MAHADEVAN, P., 
in Uganda. 


AND MarpLes, H. J. S. 


1. Rearing and growth. 
BARTON, R. A., 
of calves for veal. 
SHORTHOSE, W. R., AND LAMMING, G. E. 


Preston, T. R., CHARLESON, 


OweEN, J. B., AND INGLETON, J. W. 
HAE, R. W. 
in a White Wyandotte flock. 

milk yield and fat percentage. 


reproductive performance of sows. 


October. 
($2.75 in U.S.A. and Canada) net. 


The annual subscription is 45s. 





ANIMAL PRODUCTION 
Journal of The British Society of Animal Production 


Contents of Volume 3, Part i, February, 1961 
An analysis of the Entebbe herd of Nganda cattle 


FRASER, J. D. A comparison of whole milk with buttermilk in the rearing of calves for veal. 


AND Kirton, A. H. A comparison of whole milk with buttermilk in the rearing 

Slaughter and carcass composition data. 

The effect of testosterone and oestradiol on growth 

rate and careass quality of fattening hoggets. 

E. B., Macieop, N. A.,, 
effect of Hydroxyzine on growth, endocrine, and careass characteristics of lambs. 

3LAXTER, K. L., WAINMAN, F. W., AND WILSON, R. 8S. 

A method of collecting faeces from ewes. 

Heritabilities and genetic correlations of egg production and other characters 


Watson, J. H. The influence of contemporaneity, genetic variation and herd differences on 
Loper, G. A., AND McPuHerson, R. M. Level of feeding during early life and the subsequent 


3ELLIS, D. B. Supplementation of bacon pig rations by aureomycin and copper sulphate. 
This journal is a continuation and expansion of The Proceedings of the 
Animal Production (1944-58) and appears three times per year in February, June, and 
($7.50 in U.S.A. and Canada), single parts 17s.6d. 
Orders and subscriptions should be sent to: 


OLIVER AND BOYD LTD. 


Tweeddale Court, 14 High Street, Edinburgh, 1 


‘ Rosen, G. D., AND VERNON, J. The 


The regulation of food intake by sheep. 


3ritish Society of 
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NUMBERED BLENDS 
PREVENT PHAGE 


Eliminate lost batches, save 
time, speed production. Use 
Numbered Blends and the 
Dairy Laboratories system 
of rotation that supplies high- 
est quality fresh culture every 
week to keep aroma, body, 
flavor and production uni- 
form in all fermented milk 
products. 


FLAV-O-LAC 
FLAKES 


Write for details in our free Culture Booklet 


THE DAIRY LABORATORIES 
2300 Locust Street 
Philadelphia3, Pennsylvania 


Washington, D.C. 








Branches: New York - 


February. Besides attending this event, the 
groups’ members cooperated in the social pe- 
riod and banquet held in conjunction with the 
Conference, at the Grandview Inn in Colum- 
bus, February 8. 

Philadelphia—Speaker at the February 9 
meeting was Dr. David Levowitz, Director, 
New Jersey Dairy Laboratories, New Bruns- 
wick, New Jersey. His topies were: An ap- 
praisal of the Gerber Test for Milk Fat in 
Milk and Market Milk Products and Staphy- 
lococei and Milk Quality. 

Tri-Cities—Ed K. Newell showed film and 
diseussed the plans of the American Dairy 
Association for 1961 at the January 10 
meeting. 

Tri-State—January 25 meeting was given 
over to global defense in a space age, featuring 
L. R. Huggler of the Bell Telephone Com- 
pany of Pennsylvania, with a film showing 
of Raymond Massey’s narration of Seconds 
to Survival, telling how the vast existing tele- 
phone network is designed for peacetime use 
but is also ready to serve the cause of defense. 

Western Michigan—Educational and Indus- 
trial Teamwork in the Food Industry was the 
topic chosen by the speaker, Dr. Bernard 
Sehweigert, Head of the Department of Food 
Seience, Michigan State University, at the 
group’s meeting, January 6. Also featured 
were tayks by Dale Weber, president, and 
Frank Koval, secretary, of the Michigan Dairy 
Products Association, on career opportunities 
in the dairy industry. 
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1921—July, September 
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1925—September 


1920—January, May, September, 
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1922—January 
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Prepared by 


A Committee of the American Dairy Science Association 
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Kee Pp Young 


The Training Manual is useful. We are start- 
ing to use the Dairy Plant Training Manual in our 
training program and find it very beneficial. It 
is one of the most complete books we have seen. 
We express our appreciation. 

—D. M. ROSE, Manager 
Price’s Creameries, Inc. 
El Paso, Texas 


The program is flexible, as is necessary, yet it 
is thorough and objective. The assigned questions 
made it possible to classify the trainee as to his 
to determine the optumum rate of 


capacity and 


training. 
—WELDON N. CAMPBELL 
The Borden Company 
New Orleans, La. 


The Dairy Plant Training Manual is most com- 
prehensive in its preparation and, to me, is exceed- 
ingly well done in that it includes not only the field 
of education but also the school of practical expe- 
rience; both are necessary. Frankly, this is the 
only manual I have ever seen that should be bound 
in gold leaf; to me it is that important, and I am 
sure it will be placed to good use in our company. 

—W. R. KISER 
Coble Dairy Products Cooperative 
Lexington, N. C. 
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Section I states the objectives and require- 
ments of the program. 


Section II contains training schedules for alk 
phases of plant operation for all types of 
plants. Many questions are asked for the 
trainee to answer before passing from one 
phase of training to the next, and progress 
reports and rating forms are provided. 


Section III covers management development. 
Many study projects are outlined which are 
not only essential to management develop- 
ment but may result in savings to the plant 
that will more than pay the cost of training. 


The Appendix contains a list of professional 
and trade organizations and reference read- 
ing publications. 


Copies will be needed by Plant Manage- 
ment, Plant Supervision, Plant Trainees, and 
Teachers, for a reference text. 
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more copies, one order. 
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White Plains, N. Y. 
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copies of the Dairy Industry Plant Training Manual. 
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Deliver to: 
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RESEARCH PAPERS 


GAS CHROMATOGRAPHIC ANALYSIS OF FLAVOR IN 
PROCESSED MILKS? ? 


STUART PATTON 


Department of Dairy Science, Pennsylvania Agricultural Experiment Station, University Park 


SUMMARY 

A simple solvent extraction technique for recovering flavor components, with the 
exclusion of fat, from processed milks was devised. Analysis of the flavor extracts by gas 
chromatography showed significant differences among products and between individual 
samples of a product. When highly purified hexane was used as the extracting solvent, 
products could be examined organoleptically before and after extraction for flavor differ- 
ences. Chromatograms for evaporated and dried whole milks indicated the presence of 
5-deca- and §-dodecalactone as prominent components. Small peaks corresponding to 
these lactones could be seen on chromatograms for pasteurized, homogenized milk but not 
for raw milk. The procedure of flavor analysis seems appropriate for testing the relative 
susceptibility of milk supplies to flavor defects. It should also aid in product development 
work and in reduction of taste panel effort. 





The separation and identification of flavor compounds are greatly aided by 
gas chromatographic analysis. Sensitivity of detecting systems in currently 
available instruments is truly remarkable. In some highly aromatic foods an 
analysis of a few milliliters of head space atmosphere yields valuable informa- 
tion on flavor and aroma. However, with most food systems a step to isolate 
and concentrate flavor substances is necessary. The main hazards of this step 
are the possible development of artifacts and the recovery of unwanted material 
in the flavor extract. For example, solvent extraction of foods will recover 
flavor compounds, but it also tends to recover fat as well. On the other hand, 
steam distillation will separate volatiles from a material such as fat, but it also 
can cause decompositions and interactions that may invalidate results. This 
paper reports a relatively simple technique applicable to processed milks that 
circumvents some of these difficulties. With this technique,.it was possible to 
show interesting differences in the flavor components of various processed milks. 


EXPERIMENTAL PROCEDURE 

The basis of the procedure is a petroleum ether extraction of milk, evapora- 
tion of the solvent, and use of the residue as the sample for gas chromatographic 
analysis. 

Preparation of sample. Four hundred milliliters of fluid milk or concen- 
trated product suitably diluted with water is placed in a 2-liter volumetric 
flask and then carefully overlayed with 100 ml. of freshly redistilled petroleum 
ether (35-45° C.). The stopper is placed in the neck of the flask, together with 
a short length of fine glass capillary, so that solvent pressure can not build up. 
The flask is gently shaken on a Burrell wrist-action shaker for 1 hr. The pe- 
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troleum ether layer is decanted, as completely as possible and with the exclusion 
of any milk, into a 125-ml. flask. The flask is connected to a rotating evaporator 
and the solvent removed under water pump vacuum at 30-40° C. As the last 
drop of solvent is evaporating, the process is stopped and the flask is removed 
and stoppered. The residue in the flask, diluted at the appropriate time with 
1 ml. of petroleum ether, is the sample for gas chromatographic analysis. 

The main objective of this extraction is to effect continuous motion at the 
solvent-milk interface without the formation of an emulsion. This can be ac- 
complished by placing the shaking adjustment about midway to the first division 
for normal fluid milk and at the first division for undiluted evaporated milk 
or dried whole milk diluted to 25% T.S. The emulsions which may form are 
nearly impossible to break. A partial breaking can be accomplished by centri- 
fuging. All but about 5 ml. of solvent phase can be decanted following extrac- 
tion. The matter of transferring the remaining mixture to a separatory funnel 
to recover the last 5 ml. has been explored and found unprofitable. 

When a comparison of volatiles from a number of samples is sought, the 
solids level and the temperature of the samples should be uniform during extrac- 
tion. Products that are efficiently homogenized, such as market milk, evaporated 
milk, and some dry whole milks, yield essentially no fat by the preceding extrac- 
tion procedure. Protein adsorbed on the fat surfaces appears to prevent contact 
between the fat and solvent. However, raw milk and dry whole milks with sub- 
stantial free fat do yield some fat the amount of which can be adequately mini- 
mized (< 0.5 g. from 400 ml. of product) by adjusting temperature of the 
milk from that normally used (22-25° C.) to 2-4° C. before extraction. 

Gas chromatographic analysis. The analyses were made with a Barber- 
Colman Model 10 instrument fitted with a detector adapted for use with capillary 
columns and containing a 20-me. Strontium®” radiation source. Separation of 
the sample was accomplished in a 7-ft. by 6-mm. glass column containing a 
packing of 100-140 mesh Celite coated with 20 weight per cent Apiezon-L grease. 
The column was maintained at 223°, the detector at 233°, and the flash heater 
for vaporizing sample at 290° C. The argon gas pressure on the column was 
30 p.s.i., yielding a flow rate of approximately 105 ml/min. The voltage applied 
to the detector was 1,500 and the full scale sensitivity setting of the electrometer 
usually was 1 X 10°° amp., although less sensitive settings were necessary with 
some products. The sample injected into the instrument was 5 ul. of the extract 
residue in petroleum ether. Data for Figures | through 5 were obtained with 
this column and operating conditions. 

Peaks on chromatograms for heat-processed milks suggested the presence of 
the 8-Cy9 and Cy. lactones. An extensive search was made to find a polar column 


coating that could supply supporting exidence for gas chromatographic identi- 
fication of the lactones. Ethylene glycol succinate polyester (Applied Science 
Laboratories, Ine., State College, Pa.) proved relatively satisfactory for this 
purpose when coated 17 weight per cent on 80-100 mesh Celite. This packing 
was placed in a 10-ft. by 6-mm. column which was operated at 168° C. under 
argon pressure of 30 p.s.i. (flow rate of 85 ml/min.). In using this column, the 
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Fig. 1. Gas chromatograms: flavor extracts from dry whole milk (upper), evaporated 
milk (middle); a reference mixture of y- and 6-n-alkyl lactones (lower). See text for de- 
scription of samples and conditions of analysis. 


instrument was operated with flash heater at 235°, detector at 212° C., detector 
voltage at 1,500, and electrometer sensitivity at 1 X 10° or 3 X 10°° amp. Al- 
though the polyester column was not as fast and sensitive in the analysis of 
lactones as the Apiezon-L column, presumably due to bleeding characteristics 
of polyester coatings at elevated temperatures, it did confirm the presence of 
peaks corresponding to the Cy) and Cj. delta lactones in evaporated and dry 
whole milks (Table 1). 

Evidence for the presence of 8-lactones in most of the extract residues was 
based on odor of the residues’ coincidence of retention times for knowns and 
unknowns on gas chromatograms and odor of components as they emerged from 








210 STUART PATTON 


TABLE 1 
Gas chromatographic retention times on two coatings for unknown components from evaporated 
and dry whole milks in comparison with those for 5-deca- and 6-dodeealactone 


Retention time (min.) 


& 
=~ 
q2 
R 


Apiezon-L* 


Evaporated milk 


Peak 1 9.3 43.5 

Peak 2 19.3 77.5 
Dry whole milk 

Peak 1 9.3 43.5 

Peak 2 19.3 78 
5-Deealactone 9.2 44 
5-Dodecalactone 19.3 78.5 


“For deseription of columns and operating conditions, see text. 


the gas chromatography instrument. In the case of evaporated milk extracts, 
paper chromatographic analysis for lactones as hydroxamates by the method 
of Keeney (2) supplied additional evidence and confirmed further the presence 


of §-deca- and 8-dodecalactone in this product. 


RESULTS 
The odors of the various extract residues were quite characteristic of the 
products from which they were obtained. Oxidized dry whole milks yielded 


a 
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Fig. 2. Gas chromatograms of flavor extracts from raw (lower), pasteurized, homoge- 


nized (middle), and evaporated milks (upper). 
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Fig. 3. Gas chromatograms of flavor extracts from pasteurized, homogenized milk 
(lower), the same milk after heating to 95° C.—15 min. (middle), and to 117° C.—15 min. 


(upper). 


extracts with odors suggestive of the defect. Evaporated milk extracts had 
strong caramel-lactone odors. Raw milk extracts had only a faint milk-like 
aroma and extracts from pasteurized milk had a faint milk-like character and 
a faint but definitely observable (four independent observers) odor suggestive 
of lactone. 

Figure 1 is a photograph of three gas chromatographic tracings as follows: 
a mixture of y- and 8-lactones,® the extract from an evaporated milk, and the 
extract from a reconstituted dry whole milk. The figure makes evident the con- 
siderable resolving power of the Apiezon-L column for y- and $-n-alkyl lactones. 
Ip the reference mixture of ten lactones only two, the y- and $-C,;, are not 
separated under the conditions and these do not appear to be a consideration 
in dairy products. Five different brands of evaporated milk were analyzed and 
the tracing presented in the figure is typical. The tracing in Figure 1 for the 
dry whole milk seems representative of an aged (18 mo.), oxidized sample. 
Some additional data for dry milks are presented subsequently. 

Table 1 gives retention time data of peaks from chromatograms for evapo- 
rated and dry whole milks in comparison with such data for the authentic 


These were supplied through the courtesy of Unilever Ltd. and Fritzsche Bros. Ine. 
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Fig. 4. Gas chromatograms of flavor extracts from puff-dried whole milks. Lower— 
freshly dried product. Middle—aged product of good quality. Upper—aged product, 





oxidized. 


3-deca- and dodecalactones. These data show close agreement for the unknowns 
and reference lactones on the two columns. 

Figure 2 presents reproductions of chromatograms for extracts from raw, 
pasteurized (161.5° F.—16 see.)-homogenized and evaporated milks. These milks 
were extracted under comparable conditions of sample temperature (25° C.), 
quantity (400 ml.), and solids concentration (13%). However, homogenization 
is an uncontrolled variable in the pasteurized and evaporated milks and age is 
also uncontrolled in the latter milk. The data suggest changes, particularly the 
development of lactones, that may occur when raw milk is processed in two 
conventional ways. Analyses of three sets of raw and pasteurized, homogenized 
milks yielded data essentially identical to those given in Figure 2. Figure 3 
shows chromatograms for homogenized, pasteurized milk as such, and after two 
levels of additional heat treatment. 

A further comparison of dried milks is afforded in Figure 4. The samples 
in question are puff-dried whole milks:* freshly manufactured, aged of fairly 
good flavor quality, and aged of poor (oxidized) quality. The data for the 


‘Courtesy of the Eastern Utilization Research and Development Division, USDA. 





ANALYSIS OF FLAVOR IN MILK 918 








| | | | 
O 10 20 
TIME - MIN. 


Fig. 5. Gas chromatograms of first (upper) and third (lower) flavor extracts from a 


sample of evaporated milk. 


oxidized sample of dry milk in Figure 4 are consistent with those for the sample 
in Figure 1 and it is evident from these and other data that the substantial 
number of peaks emerging in the first 10 min. of the chromatogram may be 
related to volatile oxidation products. 


DISCUSSION 

A principal problem in gas chromatographic analysis of food flavors con- 
cerns preparation of the sample to be injected into the instrument. The method 
proposed here, although somewhat empirical, has simplicity and seems capable 
of recovering representative flavor substances. Figure 5 shows gas chromato- 
grams of the first and third extracts of an undiluted evaporated milk, shaking 
time 2 hr. per extraction with 100 ml. of petroleum ether. These data suggest 
that successive extractions recover less quantity of the volatiles, but that the 
numbers and proportions of components remain fairly constant under the con- 
dition. Thus, the sample recovered by the first extraction appears to be 
representative. 

The extraction procedure will bear further study regarding such factors as 
the nature of lower boiling components that it recovers, the possibility of 
adapting it to quantitative analysis for individual compounds, and the effects 
of other extracting solvents on the nature of the substances recovered. Better 
information on volatile fat oxidation products probably can be obtained at 
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lower gas chromatography operating temperatures than were employed here. 
Whether the extraction procedure can be used in quantitative analysis depends 
upon the physical state and behavior of the flavor compounds under the extrac- 
tion conditions. Distribution of these compounds between the fat and aqueous 
phases and tendencies for this distribution to shift during extraction are im- 
portant but not easily explored considerations. 

Because of a desire to analyze carbonyl compounds removed by the extrac- 
tion procedure, highly purified, carbonyl-free hexane, prepared as by Corbin 
et al. (1), was used as the extracting solvent in experiments with undiluted 
evaporated milk. Following extraction, the mixture was carefully transferred 
to a separatory funnel. A portion of the milk layer was drawn off, tasted, and 
found to have essentially no solvent flavor.’ This enabled evaluation of the 
milk for flavor before and after extraction and it was the consensus of three 
observers that extraction had removed a significant portion of the flavor. That 
different solvents may be used to recover different flavor components was evi- 
dent in an experiment in which a sample of evaporated milk was extracted first 
with petroleum ether and then with ethyl ether. The petroleum ether extract 
residue exhibited a heated fat-lactone-like aroma, whereas the ethyl ether extract 
residue was of a burnt sugar character. 

The presence of 5-decalactone has been shown in a number of stored dairy 
products (3). In addition, 3-dodecalactone recently was identified in the steam 
distillate of milk fat (4). Evidence from this study indicates that this latter 
lactone is also present in evaporated and dry whole milks. 


*It seems reasonable, under the conditions of extraction, that n-hexane free of sulfur- 
containing and unsaturated impurities would not be an effective tainting substance. 
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STABILITY OF FROZEN MILK ? 


I. D. DESAI, T. A. NICKERSON, anno W. G. JENNINGS 


Department of Food Science and Technology, University of California, Davis 


SUMMARY 


Lactose crystallization apparently has a nonlinear relation with the volume of the 
casein precipitate. A study showed that the caseinate system suddenly destabilized when 
85 to 90% of the lactose was in the alpha form. The time required to reach this critical 
stage was longer when samples contained sucrose, but not so when they contained sorbitol. 
The inhibiting effect of suerose addition was attributed to retardation of the rate of 
lactose crystallization. Seeding greatly accelerated lactose crystallization in all samples, 
resulting in earlier destabilization. 

For study of any changes taking place in the serum and casein-bound phosphorus, 
the milk from a cow injected with P* was separated, condensed, and stored at 12°F. A 
slight progressive increase in the total P as well as P® contents of the serum indicates 
that bound phosphorus was slowly dissociated from the casein micelles into the serum, 
but it would be difficult to prove whether this is a cause or an effect of the destabilization 
reaction. 


It is well established that the colloidal caseinate system of milk is destabil- 
ized during prolonged frozen storage. Many processing and storage factors are 
thought to be related to this defect, but no completely acceptable explanation 
of the phenomenon has been given. Several additives such as sucrose (2) and 
sequestering agents (3) have improved storage life, but have not been entirely 
successful. Sugar increases storage stability appreciably, but the amounts 
must be limited because of the effect on flavor. Wildasin and Doan (12) 
speculated on the role of lactose, but it was Tumerman et al. (11) and Tessier 
et al. 440) who showed the significance of lactose crystallization on the destabil- 
ization of frozen milk. 

The present investigation was undertaken to study the role of lactose crys- 
tallization in frozen milk, with particular reference to protein destabilization 
and the factors influencing crystallization during the frozen storage of milk. 
In addition, changes in serum and ecasein-bound phosphorus were studied with 
radioactive tracer techniques. 


EXPERIMENTAL PROCEDURE 


Samples. For study of the relationship between lactose crystallization and 
protein destabilization in frozen milk, skimmilk was condensed to about 32% 
T.S., heated 30 min. at 155° F. to dissolve the added material and destroy the 
erystal centers, and cooled to about 32° F. The condensed milk was divided into 
three lots. One was the control and another had 5% sucrose added. Half of 
each of these was seeded with 0.1% finely ground whey powder to accelerate 
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lactose crystallization. The third lot had 2.5% sorbitol added and was seeded. 
The samples were packed in plastic containers and frozen in the hardening 
room (—10° F.) for 24 hr. Some were then stored at 2, and the rest at 12° F. 
Periodically, portions of the frozen samples were removed for analysis. 

For the radioactive tracer study of serum and casein-bound phosphorus, a 
cow was injected with 16 me. of P**. The milk of the first two milkings was 
separated, and the skimmilk was condensed under vacuum to about 31% TS. 
and processed as previously described. 

Analytical methods. For the study of lactose crystallization and its relation 
to protein destabilization in frozen milk, the frozen samples were removed and 
analyzed at intervals for alpha-lactose and protein destabilization. 

Alpha lactose. Quantitative determination of alpha lactose was by the po- 
larimetric method of Sharp and Doob (9), modified as indicated below. A 10-g. 
sample of frozen milk was weighed quickly into a mortar and immediately 
ground to a smooth paste. The oxalic acid solution used to obtain a clear depro- 
teinated filtrate contained 2 g. of oxalic acid per liter. In the samples containing 
sucrose or sorbitol the optical rotation of the clear filtrate was the sum of the 
rotations due to sucrose or sorbitol and alpha- and beta-lactose present in the 
solution. For any given mix the sucrose or sorbitol rotation was constant and 
could be calculated. The initial and final lactose rotations were calculated by 
subtracting the sucrose or sorbitol rotation, as the case might be, from the 
observed initial and final rotations of the sample. 

Protein destabilization. The volume of protein precipitate was measured by 
weighing 50 g. of frozen sample, adding 100 ml. of cold (40° F.) distilled water, 
and mixing for 2 min. on a milk-shake mixer at 60 volt (3,000 r.p.m.) A 50-ml. 
aliquot of the reconstituted milk was centrifuged in a 50-ml. calibrated tapered 
tube at 1,800 r.p.m. for 10 min. with a 16-in. head. The method is similar to 
one deseribed by Babcock et al. (1). The results are expressed as milliliters of 
precipitate per 100 ml. of reconstituted milk, which contained 10.6% total solids. 

Total and radioactive phosphorus. Diffusable P is the portion of total P 
that is present in serum prepared by a method similar to that of Hein and 
Clegg (6). The serum was obtained by centrifuging a 25-ml. sample of thawed 
milk for 1 hr. in seamless 54-in. dialysis tubing at 1,500 r.p.m. 

Total phosphorus was determined by the procedure described by Harris and 
Popat (5). The sample was digested with Kjeldahl reagent to determine the P 
colorimetrically. Obtaining an aliquot sample from a destabilized milk sample 
required that the casein be redispersed with dilute NH,OH. 

Radioactive phosphorus in condensed milk and diffused serum was deter- 
mined by plancheting suitable amounts of respective samples, drying them by 
the Mojonnier technique, and counting with a thin-window Geiger tube coupled 
to a Tracer lab 1000 scaler. Samples were counted for a period of 10 min. 
Background counts were determined over a 10-min. interval. 

Radioactivity due to P** was calculated and expressed as counts per minute 
per milligram of sample. The pH of the thawed milk samples was also measured 
during the storage period. 
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RESULTS AND DISCUSSION 


Lactose crystallization and protein stability. Protein destabilization is thought 
to be a change in the physical condition of the colloidal protein (casein), but 
it is dependent on several factors, particularly in a complex system like that 
of milk. It is apparent from Figure 1 that, as the storage period advanced, 
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DAYS OF STORAGE 


Fig. 1. Changes in per cent alpha lactose in the experimental milk samples during 
storage at 2 and 12° F. 


alpha lactose progressively increased from the initial equilibrium level (37.0%). 
The data in Figure 2 indicate an induction period prior to the destabilization 
of the milk. The length of the induction period varied with the experimental 
treatment. Figure 3 shows the relationship between lactose crystallization and 
the volume of protein precipitate. There was practically no indication of any 
protein destabilization until the level of alpha lactose reached 80% or more. 
Then the casein of the frozen stored milk suddenly destabilized, giving a very 
high volume of protein precipitate. Thus, under the conditions of these experi- 
ments, there was no parallel relationship between the volume of protein pre- 
cipitate and the amount of lactose crystallization. This contrasts with previous 
reports (10, 11). It is known that, in the transformation of lactose from the 
glass state to a crystalline monohydrate form, water is removed from solution. 
Lactose is also removed from solution as erystals. Consequently, the freezing 
point of the remaining solution is raised. This results in more complete freezing 
and an increased concentration of both soluble milk solids and salts in the liquid 
phase. Our results indicate that the withdrawal of crystalline lactose and con- 
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DAYS OF STORAGE 
Fig. 2. Changes in volume of precipitate in the experimental samples during storage at 
2 and 12° F, 


sequent concentration of solutes in the liquid phase is not effective in causing 
easein destabilization until lactose crystallization has progressed to a high level 
(80% alpha or more). The trend was similar in our earlier trials with a different 
condensed skimmilk. These findings suggest that the protein precipitation of 
frozen milk might be prevented if some means can be developed of keeping 
lactose crystallization below the critical level. They also indicate that erystal- 
lization per se is not responsible for the protein destabilization. 

Influence of sucrose and sorbitol on frozen milk stability. It has long been 
recognized that added sugars (except lactose) appreciably improve the frozen 
storage life of concentrated milk (2, 3), but no complete explanation of their 
inhibiting influences has been given. Some theories (8) to explain this are based 
on the results obtained by using artificial model systems. In these studies alpha- 
lactose crystallization and protein precipitation were measured as functions 
of storage time (Figures 1 and 2). Volume of protein precipitate as the func- 
tion of alpha-lactose crystallization is shown in Figure 3. It is apparent that 
lactose crystallization was slowed by sucrose, delaying the time to reach the 
critical level. As a result, it took longer before protein destabilization was 
apparent. At the higher temperature (12° F.), the colloidal caseinate remained 
stable until the critical level of 80% alpha lactose was reached and then the 
system suddenly destabilized. Thus, under these conditions it appears that the 
principal function of sucrose is to retard lactose crystallization and, conse- 
quently, prolong the storage life. Rose (8) suggested that sucrose protects by 
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the experimental samples during storage at 2 and 12° F. 


maintaining a high viscosity in the unfrozen portion. This higher viscosity 
itself may also result in slower lactose crystallization. 

The action of sucrose at the lower temperature (2° F.) appears unique. In 
spite of the fact that the critical level of 80% alpha lactose was reached in 
about 40 days, no significant amount of precipitate was formed even after 90 
days of storage. This interesting observation is being investigated further. 

The addition of 2.5% sorbitol would lower the freezing point equally as 
much as 5% sucrose. The stability of the frozen samples, however, was not the 
same (Figure 2). Lactose crystallization proceeded at a more rapid rate in the 
seeded, sorbitol sample (Figure 1) at both temperatures. Nevertheless, this 
sample was stable for a slightly longer period than the control, but was not as 
stable as the sucrose sample. 
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Influence of seeding on the stability of frozen milk. It was observed during 
the work that control samples and samples containing sucrose destabilized much 
faster when seeded with fine whey powder (Figures 2 and 3). The nuclei per- 
mitted mass crystallization of lactose, hastening lactose withdrawal from solu- 
tion. The influence of seeding or nucleation on acceleration of lactose crystal- 
lization rate has been well supported by several workers (7, 11). 

Influence of temperature on the stability of frozen milk. Rate of lactose 
erystallization and its influence on protein precipitation were studied at two 
storage temperatures, 2 and 12° F. (Figures 1, 2, and 3). The general trend 
was nearly the same except that lactose crystallization was slower at 2°. Never- 
theless, the behavior of colloidal caseinate toward destabilization was as expected 
when the level of 80% alpha lactose was reached. Thus, colder storage can slow 
lactose crystallization and prolong storage life, but it is not a practical solution 
to the problem. Low temperatures are difficult to maintain during handling 
and shipping of frozen milk and then factors like seeding can nuilify the 
benefits of low-temperature storage. 

Changes in serum and casein-bound phosphorus of frozen milk. Very little 
evidence is available in the literature about any chemical changes taking place 
in the destabilization reaction of frozen milk. One approach taken in the present 
work was to trace changes in the phosphorus content of the frozen milk using 
radioactive P**. The radioactive P** condensed skimmilk was prepared and 
stored as described. Table 1 shows the distribution of phosphorus and the 


TABLE 1 
Distribution of phosphorus and P* activity and pH changes in frozen milk during storage 


Days of storage 


0 7 1] 18 25 33 55 





(counts/min/mg of sample) 








Total net count in frozen milk 139.54 139.67 140.90 140.58 138.38 139.97 139.20 

Net count in serum 59.06 61.08 62.02 59.17 62.03 66.93 65.56 
(mg/g of sample) 

Total P in frozen milk 3.58 3.58 3.70 3.73 3.62 3.60 3.59 

Phosphorus in serum 1.67 1.68 1.77 1.77 1.86 1.89 1.90 

pH of frozen milk 6.21 6.20 6.22 6.22 6.24 6.28 6.32 


radioactivity in the frozen condensed milk and the diffused serum. The analyses 
indicated a slight progressive increase in phosphorus content and radioactivity 
in diffused serum with storage time. The increase was particularly evident late 
in the storage period (33 to 65 days). This indicated a slow dissociation of 
easein-bound phosphorus with the destabilization reaction of the caseinate sys- 
tem in the frozen milk. This was not as abrupt as the protein destabilization, 
however, and hence it is difficult to see this as the causative factor of protein 
destabilization. It seems likely that this is the result of destabilization, rather 


than the cause. 
The pH of this condensed milk was measured as a function of storage time. 
It appeared (Table 1) that pH did not change until about 33 to 55 days of 
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storage, at which time there was a slight increase in pH in the destabilized milk. 
If pH were the factor responsible for destabilization, it would be expected to 
decrease considerably before causing destabilization of the colloidal caseinate. 
Since that did not happen, it is concluded that pH was not involved in the 
destabilization reaction. Doan and Warren (4) concluded that neither freezing 
nor freezing and storage cause any permanent change in the pH of milk. 
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PERFORMANCE CHARACTERISTICS OF A DIESEL NOZZLE TESTER 
USED AS A HAND HOMOGENIZER 


ABRAHAM LEVITON anp M. J. PALLANSCH 
Dairy Products Laboratory, Eastern Utilization Research and Development Division, USDA 
Washington 25, D. C. 


SUMMARY 


The performance characteristics of a diesel nozzle tester used as a hand homogenizer 
have been investigated. It has been found that the instrument is capable of homogenizing 
milk samples as small as several ounces according to the definitions of homogenization. 
Homogenization efficiency as a function of homogenization pressure and recycling has been 
studied. The employment of suitable spray-arresting baffles, it has been found, increases 
homogenization efficiency markedly and prevents the incorporation of air as fine foam. 
The reconstituted milk obtained by injecting butter oil into skimmilk has been found to 
resemble market milk in appearance and in its creaming properties. 





Inquiry concerning the availability of homogenizers capable of homogenizing 
several ounces of milk according to the definitions of homogenization led to the 
study of the performance characteristics of a diesel nozzle tester used unconven- 
tionally—this after accumulated evidence made it clear that commercially 
available small-scale emulsifiers would not serve the purpose. 

Sata and his collaborators (4) described the use of a diesel nozzle tester 
equipped with holder and nozzle for emulsification purposes, but their data do 
not permit conclusions to be safely drawn concerning the adaptability of the 
tester combination for the more rigorous requirements of homogenization. Ex- 
periments reported in this paper show that in practice and even more so in 
principle, the diesel nozzle tester combination is capable of homogenizing small 
samples of milk to satisfy one or more proposed definitions of homogenization 
(5). 

In the homogenization of milk the effects of pressure, nozzle type, spray- 
arresting baffles, and recycling were studied. In the reconstitution of whole 
milk from butter oil and skimmilk, the effects of pressure and temperature were 
studied. The apparatus lends itself to the study of the reconstitution of butter- 
like products from butter oil and skimmilk. Results pertaining to this aspect 
of our investigation will not be reported in this paper. 





EXPERIMENTAL PART 


The diesel nozzle tester. Nozzle test equipment is supplied by a number of 
manufacturers of engine equipment. Although an American Bosch tester! was 
used, different makes operate on the same principles and it is to be anticipated 
that no far-reaching difference in results would be obtained on the substitution 
of one tester for another. As the name implies, the tester is used conventionally 


Received for publication August 30, 1960. 


*The mention of trade names in this paper is for identification and implies no endorse- 
ment of the products. 
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to test the performance characteristics of diesel engine nozzles and holder as- 
semblies with respect to the following: leakage at the nozzle seat; spray pattern 
and chatter; and nozzle opening pressure. The test stand, comprising a fuel 
injection pump and accessories, connects through small-bore high-pressure 
tubing with a nozzle holder which holds the nozzle in the correct position and 
provides a means of conducting oil to the nozzle at a regulated pressure. There 
are two types of nozzles, the hole and the pintle type. One type of hole nozzle 
has a 120° conical nose, and the spray issues at an angle of 120° through a 
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Fig. 1. Hand-homogenizer assembly featuring the Diesel nozzle tester. 


0.3-mm. diameter hole in the wail of the cone. A second type of hole nozzle has 
a flat nose, and the spray issues in the direction of the axis through a hole, 0.2 
mm. in diameter. The pintle type nozzle is characterized by a pin or pintle 
projecting a short distance through an opening at the flat end of the nozzle to 
form an annulus (see Figure 1A). The lower end of a spindle bears on the stem 
of the nozzle, the upper end on the spring. The upper end of the nozzle and 
the lower end of tke holder are provided with mated, accurately ground and 
lapped surfaces. The nozzle is secured to the holder by means of a cap nut. 
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Fig. 1A. Sections of a pintle nozzle. 





The injection pump has a displacement of about 0.3 ce. The pressure (capable 
of regulation) is read on a valve-controlled pressure gauge reading to 5,000 lb. 
per square inch. 

The homogenizer assembly. The homogenizer assembly featuring the nozzle 
tester is shown in Figure 1. The following modifications of a typical nozzle 
holder tester combination may be noted: Sample holder (A) has replaced an 
oil-filter ; what was once an oil reservoir has become now a constant temperature 
bath (B); the high-pressure connecting tube (D) has been surrounded by a 
jacket (E). A receiver assembly which will be described in the following section 
has been added. 

The homogenization of milk. Because the pressure gauge shown in Figure 1 
is nonsanitary in construction, it must be by-passed as a matter of convenience 
during the processing of milk. 

This is accomplished by setting the pressure before the milk is pumped 
through the apparatus. The opening pressure of the nozzle valve (G) is deter- 
mined by the number of screw threads showing on the pressure-adjusting screw 
located at the upper end of the nozzle holder (F). The pressure as a function 
of the number of exposed screw threads is determined by passing a test oil 
(three parts transformer oil and one part white kerosene) with the gauge open 
and operating. 

Once the adjusting screw has been calibrated, the gauge is by-passed by 
closing the gauge valve, and thereafter pressure readings are made by referring 
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to the calibration curve. This curve relating the number of screw threads with 
the pressure gauge reading is linear, and is valid over long periods of time. 

Clarified milk at room temperature is introduced into holder (A). On the 
forward stroke of the plunger in pump (C) the milk is forced through small- 
bore high-pressure connecting tubing (D), and is brought during the course 
of its passage therein to the temperature of homogenization by heat exchange 
with propylene glycol circulating through jacket (E) and issuing from constant 
temperature bath (M). The heated milk passes through nozzle holder (F') into 
nozzle body (G), and when the pressure of the milk exceeds the pressure on 
the nozzle valve the milk issues through the 0.3-mm. opening (H). The spray 
is not allowed to develop, but is arrested at the walls of the stainless steel funnel 
(I) which surrounds the nozzle cone and presses firmly against it. Homogenized 
milk accumulates in the funnel and overflows through openings (J) into reser- 
voir (K) resting on the play-allowing rubber stopper (I) which in turn rests 
on a platform capable of being raised and lowered. 

Milk is clarified prior to processing by vacuum filtration through eight sedi- 
ment testing discs arranged in a Seitz funnel. Large foreign particles which 
may enter the sample accidentally after clarification are removed by a small, 
fine-mesh wire filter screen lodged in the connecting adapter of the nozzle holder. 

Reconstitution of whole milk. In the reconstitution of whole milk from skim- 
milk and butter oil, melted butter oil introduced into holder (A) is brought 
approximately to the processing temperature by heat exchange with hot water 
in water-bath (B), and exactly to the temperature as it passes through the 
jacketed connector tube (D). The butter oil issues from the opening in the 
nozzle directly into the external phase, skimmilk, which just covers the opening. 

Methods of analysis. Homogenization efficiency was determined by the spec- 
trophotometric method of Deackoff and Rees (2), supplemented on occasions 
with measurements of the rate of creaming. The homogenization indices were 
corrected to apply to milk containing 3.5% fat. Fat determinations were made 
by the Roese-Gottlieb method (1). 

RESULTS 


Effect of nozzle type. Table 1 shows the results of an experiment in which 
the nozzle type was varied. Two modes of operation were employed. In one the 
spray was allowed to develop partly before being trapped, and in the other the 
spray was arrested prior to development, by means of suitable baffles [the close 
fitting funnel (I) with the hole-type nozzle, and a flat glass plate with the 
pintle-type nozzles}. The hole nozzle gave the best results with both the open 
and arrested spray techniques. The employment of baffles increased homogeniza- 
tion efficiency markedly. The pressure capability of the instrument could 
not be fully realized with milk. Seepage between the lapped guide surfaces of 
the nozzle valve and body, although necessary in small amounts for lubrication, 
became serious as the pressure vas raised above 2,300 lb. per square inch with 
the pintle-type nozzle installed in the assembly, and above 3,000 lb. per square 
inch with the hole-type nozzles. The full pressure capability of the nozzle valve 
according to Sata (4) exceeds 15,000 lb. per square inch. 








996 ABRAHAM LEVITON AND M., J, PALLANSCH 


TABLE 1 
Influence of spray nozzle type and baffling on homogenization efficiency 


Homogenization 


Nozzle type Pressure index 

(lb/sq in.) (To) 

Hole (0.3 mm. in conical nose) 2,250 59.7 
Hole (0.3 mm. in conical nose) 3,000 65.0 
Hole (0.3 mm, in conical nose)“ 2,250 62.3 
Hole (0.3 mm. in conical nose )* 3,000 68.0 
Hole (0.2 mm. in flat nose) 2,250 47.3 
Hole (0.2 mm. in flat nost) 3,000 49.0 
Hole (0.2 mm. in flat nose)* 2,250 50.8 
Hole (0.2 mm. in flat nose)* 3,000 55.5 
Standard pintle 2,250 48.7 
Standard pintle 3,000 52.2 


‘ Close-fitting baffle was employed. 


Effects of homogenization pressure. Preliminary experiments showed that 
no gain in homogenization efficiency accrued to the use of homogenization tem- 
peratures exceeding 160° F. This is in agreement with the homogenization 
studies of Deackoff and Rees (2). The preliminary experiments also showed 
that heated milk could not be pumped through the system without binding of 
the pump plunger in its barrel. As a remedial measure the milk samples were 
introduced into the pump at room temperature, acquiring thereafter the proper 
homogenization temperature on passage through the jacketed small-bore con- 
necting tube. The hole nozzle was employed, and results were obtained both 


with open and arrested sprays. 
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Fig. 2. Relationship between the pressures required with the hand-homogenizer and a 


plant-seale homogenizer to yield the same homogenization efficiency. 
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The results plotted in Figure 2 show as abscissae the homogenization pressure, 
and as ordinates the corresponding pressure required with a conventional 125 
gal.-per-hour plant homogenizer to achieve the same degree of homogenization. 
The employment of a close-fitting baffle improves efficiency markedly, especially 
in the high pressure range. The corresponding pressure is proportional to the 
pressure employed in hand homogenization and the constants of proportionality 
are 0.55 and 0.45, respectively, depending upon whether a baffle has been em- 
ployed. The direct proportionality holds only over a limited pressure range if 
a baffle is not employed, and under such conditions at high pressures very little 
gain is obtained as homogenization pressure is increased. 

The effect of recycling. Recycling at a fixed and relatively low homogeniza- 
tion pressure may be used in lieu of high homogenization pressures to effect a 
high degree of homogenization (2, 3). In Figure 3 the relationship is shown 


n.) 





4,000 1 


3,000 





| 
2,000 + | 


~— 


1,000 








| 
; ee 
0 ] 2 3 4 


Number of homogenizations at 3,000 Ib./sq. in 


Corresponding pressure, large homogenizer (Ib./sq. i 


Fic. 3. Relationship between the number of homogenizations at 3,000 Ib. per square 
inch in hand-homogenization and the corresponding pressure in large-scale homogenization 
required to achieve the same homogenization efficiency. 


between the number of homogenizations at 3,000 lb. per square inch and the 
corresponding single-pass homogenization pressure required to achieve the same 
degree of homogenization with a plant-size homogenizer. One and four passes 
through the hand homogenizer at 3,000 lb. per square inch give the same results 
as one pass through a plant homogenizer operating, respectively, at approxi- 
mately 1,700 and 3,700 per square inch. The data plotted in the graph were 
obtained with the funnel baffle in place, and under conditions in which the un- 
processed milk in the dead space of the apparatus was removed after each pass. 
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Rehomogenization of homogenized milk. Milk samples were homogenized at 
pressures up to 4,000 lb. per square inch in a 125 gal.-per-hour plant-scale ho- 
mogenizer. These samples were then passed through the hand-homogenizer at 
4,450 lb. per square inch. The open-spray technique was employed. Turbidity 
measurements were made on all samples. The data contained in Table 2 show 
quite clearly that rehomogenization of well-homogenized milk by means of the 
hand-homogenizer results in further improvement of the degree of homogeniza- 
tion. Thus, the homogenization index of milk homogenized at 4,000 lb. per 
square inch was increased from 81.8 to 84.5 upon rehomogenization of the 


TABLE 2 


Inerease in homogenization index attending rehomogenization of milk samples which had 
undergone homogenization at various pressures in plant seale homogenizer 








Homogenization * Rehomogenization ” Homogenization 
pressure pressure index 

(lb/sq in.) —-——— ——__ (%) 

None None 40.5 
500 None 42.9 
1,000 None 50.2 
2,000 None 70.0 
2,500 None 73.3 
4,000 None 81.8 
5,000 None 84.0 
None 4,450 69.0 
2,000 4,450 75.8 
2,500 4,450 78.1 
4,000 4,450 84.5 





* Commercial homogenizer employed. 
>» Hand-homogenizer employed. 


sample at 4,450 lb. per square inch in the hand homogenizer. An homogenization 
pressure exceeding 5,000 lb. per square inch would have been required to effect 
the same high degree of homogenization in a single-pass operation in a com- 
mercial homogenizer. 

Reproducibility. A point of interest if the hand-homogenizer is to be em- 
ployed in investigational work is the degree to which the results may be repro- 
duced. Accordingly, five samples of the same market milk were passed through 
the hand-homogenizer at 3,000 lb. per square inch, with the baffle in place. 
Homogenization indices ranging from 68.1 to 68.7 were obtained corresponding, 
respectively, to the pressure range 1,650 to 1,750 lb. per square inch in con- 
ventional homogenization. 

Reconstituted milk. Certain aspects of research work require the reconsti- 
tution of whole milk from skimmilk and butter oil. The nozzle tester is particu- 
larly well suited to accomplish this end. The butter oil is injected directly into 
skimmilk contained in a suitable holder. In the first series of experiments, 40 g. 
of skimmilk pasteurized at 64° for 30 min. and held approximately at that 
temperature during homogenization served as the external phase. The injection 
pressure at a temperature of 71° C. was varied from 2,250 to 4,450 lb. per square 
inch. The nozzle opening was located 0.5 em. below the skimmilk surface. A 
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preliminary run showed that approximately 0.25 g. butter oil was delivered per 
stroke. Six strokes per 40 ml. milk delivered sufficient fat to yield a milk con- 
taining slightly more than 3.0% fat. Final adjustment to 3.0% fat was made 
by adding skimmilk. The fat content was determined by weighing the skim and 
reconstituted milks. Table 3 shows the results of the experiment. The cream 
line developing after 17 hr. of storage of the milk at approximately 5° C. is 
taken as a measure of the effectiveness of reconstitution. Homogenization indices 
also are given, but these have very little meaning for transmittances correspond- 
ing to very low degrees of homogenization. At high injection pressures a recon- 
stituted milk is obtained, the creaming property of which resembles that of 
market milk. The full pressure range of the instrument was not used, inasmuch 
as the data over the limited range showed that the gain in dispersibility as 
measured by the decrease in the height of the cream layer would be small. 


TABLE 3 
Rate of creaming in reconstituted milks 
Cream line ° Cream line 
Injection Skimmilk after 17 hr. after 96 hr. Homogenization 
pressure temperature (relative ) (relative ) index 
(lb/sq in.) (a3 %o) 
2,250 64 2.4 35.5 
3,000 64 1.9 37.3 
3,72 64 1.4 38.6 
4,450 64 1.2 1.2 40.0 
4,450 15 id 2.2 41.0 
4,450 76 Patch 1.0 39.2 
Whole milk control * 1.0 1.0 40.0 


“Whole milk pasteurized at 64° for 15 min. 
» Height of cream line relative to control taken as 1.0 developing at approximately 5° C. 


In a second series of experiments, the temperature of the skimmilk was 
varied from 15 to 76° C. and butter oil at 71° C. was injected at a pressure of 
4,450 lb. per square inch. The cream layer in the low-temperature reconstituted 
milk, although comparable in volume after 17 hr. of storage at 5° C. to that 
on the control milk, continued to develop on prolonged storage. More closely 
resembling the behavior of the control milk in creaming was the reconstituted 
milk which had been prepared from skimmilk held at a temperature of 64° C. 
during injection of the butter oil. The cream layer on the high-temperature 
(76°) reconstituted milk developed quite slowly to the same volume as that on 
the control. 

DISCUSSION 

Homogenization probably takes place at the valve seat (see Figure 1A) 
rather than at the orifice. Thus, the degree of homogenization obtained with 
the hole-type nozzle, the orifice of which was 0.3 mm. in diameter, was greater 
than that obtained with the hole-type nozzle, the orifice of which was smaller, 
that is, 0.2 mm. in diameter. Additional effective stress was acquired by the 
employment of a close-fitting baffle. This was particularly marked with the use 
of the funnel adapted to the conical nose of the hole-type nozzle. The baffle was 
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indispensable in situations in which recycling was required. Collection of a 
spray only partially arrested resulted in the incorporation of finely dispersed 
air which required removal prior to the recycling of the sample. With the 
employment of the funnel, the nozzle opening was submerged in milk and the 
spray was trapped in the small quantity of milk lodged between the funnel 
wall and the wall of the conicai nose. 

Better performance was obtained with the hole-type than with the pintle-type 
nozzle. The projecting pintle made it difficult to operate with a close-fitting 
baffle, and the higher pressures available with the employment of the hole-type 
nozzles could not be reached with the pintle-type. 

It would appear from the results of Deackoff and Rees (2) that commercial 
homogenized milk will have a light transmission index of about 70% correspond- 
ing to a U.S.P.H.S. index of 6. The same reference sshows that a light trans- 
mission index of 65% corresponds to the maximum allowable U.S.P.H.S. index 
of 10. The results in Table 1 and 2 show that the U.S.P.H.S. definition is satis- 
fied if homogenization with the hand-homogenizer is carried out at pressures 
exceeding 3,000 lb. per square inch in a single cycle operation, and at pressures 
of approximately 3,000 lb. per square inch in a multicyecle operation containing 
two or more cycles. 

The results on reconstitution of whole milk are interesting in the sense that 
the product which was obtained resembled quite closely market milk with respect 
to the rate of creaming. Dispersion of the butter oil was quite effective even 
without. the addition of emulsifiers and no oiling-off was observed. Simplified 
and stripped of certain nonessentials for the purposes of handiness, the nozzle 
tester may very well serve as a household appliance for the reconstitution of 
milk from skimmilk and butter oil. 

The nozzle tester is a precision instrument and as such it demands adequate 
eare. In addition to the care which must be observed in routine use of the 
instrument, there are the precautions which must be observed when the tester 
is used as a hand homogenizer. Although the materials of construction are such 
that all lapped surfaces and close-fitting parts hold up well during repeated 
use, there are parts which rust very easily when exposed to aqueous solutions 
and moisture. Consequently, the equipment must be disassembled after every 
run, and exposed parts must be thoroughly rinsed, washed with mild detergent, 
rinsed again, flushed with alcohol, and dried in a current of filtered air. The 
parts prone to rust are best stored in transformer oil until ready for use. The 
tester falls apart easily, and is easily reassembled. Approximately 15 min. are 
required for disassembling and cleaning, and the same time should be allowed 
for reassembling. In spite of all precautions which may be taken, it is difficult 
to avoid the incorporation during homogenization of small amounts of a very 
fine sediment which, however, is easily removed by means of a centrifuge. 

There is no reason to doubt that all exposed parts could be made of stainless 
steel without altering the design of the tester, and that a stainless steel sanitary 
gauge reading to 10,000 lb. per square inch could be substituted for the gauge 
now provided. Such alterations would improve performance considerably and 
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broaden the use of the instrument. There is approximately 22 ml. of dead space 
which must be loaded with sample prior to pumping. This milk is not recovered. 
The advantages which would accrue to the elimination of the dead space as 
much as possible would be particularly noticeable in those instances in which 
recycling forms part of the operation. 
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MULTIPLICATION OF COAGULASE-POSITIVE STAPHYLOCOCCI IN 
GRADE A RAW MILK SAMPLES? * 


W. S. CLARK, JR.* ann F. E. NELSON * 
Department of Dairy and Food Industry, Iowa Agricultural and Home 
Economies Experiment Station, Ames 


SUMMARY 


Coagulase-positive staphylococci could be recovered from all samples of raw milk 
examined. The initial counts ranged from 25 to 3,300 per milliliter. 

Coagulase-positive staphylococci did not multiply in naturally infected milk held at 
41°C. for seven days. In milk held at 10°C. for seven days, these organisms did multiply. 
The extent of multiplication varied from sample to sample and was 1,000-fold in the 
sample where the greatest percentage increase occurred. The greatest staphylococeus count 
obtained was 360,000 per milliliter. 

At the 4 and 10°C. holding temperatures, the standard plate count increased much 
more than the count of coagulase-positive staphylococci. Particularly at 10°C., the milk 
usually became unpalatable because of microbial activity before the staphylococcus popu- 
lation became high enough to be of positive concern as a cause of food poisoning. 





Numerous accounts of staphylococcus food-poisoning outbreaks may be 
found in the literature. Some outbreaks occurred as a result of consuming milk 
or other dairy products. The first staphylococcus food-poisoning outbreak as 
a result of drinking milk was reported by Barber (3) in 1914. This outbreak 
occurred in the Philippine Islands from the consumption of raw milk from an 
apparently healthy family cow. The exact incidence of staphylococcus food 
poisoning as a result of consuming dairy products is unknown. However, a 
number of workers have reported that staphylococci are commonly found in 
normal raw milk (4, 5, 8). 

The presence of staphylococci in raw milk is not justification for incriminat- 
ing the milk as a potential cause of food poisoning, for not all staphylococci are 
capable of producing the enterotoxin responsible for staphylococeus food poison- 
ing. Evans and Niven (6) reported that most enterotoxigenic staphylococci 
were members of the coagulase-positive group. On the basis of this and similar 
reports, only coagulase-positive staphylococci were considered potentially entero- 
toxigenic and were examined in this study. 

Those strains of staphylococci capable of producing enterotoxin must grow 
extensively to produce enough enterotoxin to be responsible for food poisoning. 
This study has been made to determine the extent to which these organisms can 
grow in milk held under refrigeration. 


Reeeived for publication July 25, 1960. 

* Journal Paper No. J-3929 of the Iowa Agricultural and Home Economics Experiment 
Station, Ames, Iowa. Project 1421. 

*This investigation was supported in part by research grant RG-5502, National Advisory 
Health Council, Public Health Service. 

*Dairy Industrial Research Fellow, supported by Dairy Industries Supply Assoe., Inc. 

‘Present address: Department of Dairy Science, University of Arizona, Tueson. 


232 





FARE UL ct ee meee 


nites 


a eB aD 


3 
“ 
4 
} 





STAPHYLOCOCCI IN RAW MILK 933 


EXPERIMENTAL PROCEDURE 


A modified Tellurite-glycine agar medium (9) was employed for enumerat- 
ing coagulase-positive staphylococci. This medium consisted of 5 g. Trypticase, 
5 g. Proteose Peptone, 5 g. yeast extract, 8 g. glycine, 15 g. mannitol, 
5 g. KeHPO,, 5 g. LiCl, and 15 g. agar. A 1% solution of potassium tellurite 
was prepared and sterilized; 20 ml. of the solution was aseptically added to 
1,000 ml. of the medium after it had been autoclaved at 121° C. for 20 min. and 
cooled to 50° C. The agar was poured into pressed-glass petri dishes in approxi- 
mately 15-ml. amounts, allowed to harden, and then dried by overnight ineuba- 
tion at 37° C. before use. 

A surface plating technique was used wherein 0.1 ml. of milk or a suitable 
dilution was smeared over the dry surface of the Tellurite-glycine agar. Plates 
were incubated at 37° C. for 48 hr., after which time typical coagulase-positive 
staphylococeus colonies appeared smooth, convex, glistening, and jet-black in 
color. 

Dilutions were prepared and standard plate count determinations made in 
accordance with Standard Methods for the Examination of Dairy Products (2), 
except that shaking was continued 50 times to more thoroughly break up staph- 
ylococcus clumps. 

Twenty raw milk samples were collected from producers using bulk tanks 
in the Iowa State University milkshed during the period June-August, 1959. 
Samples were plated initially and after two, four, and seven days of storage. 
Storage temperatures of 10 and 4° C. were chosen because they most closely 
approximated holding temperatures under can and bulk-tank holding conditions, 
respectively. 

RESULTS 


The number of coagulase-positive staphylococci initially found in Grade A 
raw milk samples ranged from 25 to 3,300 per ml. (Table 1). The milk samples 
held at 4° C. for periods of two, four, and seven days showed no definite growth 
of staphylococci, with highest coagulase-positive staphylococcus counts occurring 
initially in six cases, after two days in one sample, after four days in ten 
samples, and after seven days in three samples. 

When these same milk samples were held at 10° C., definite multiplication of 
staphylococci occurred (Table 2). In every sample, the count of coagulase-posi- 
tive staphylococci increased at least twofold. In one sample, the increase was 
1,000-fold. The highest count of staphylococci obtained was 360,000 per milli- 
liter. This was a 360-fold increase over the initial staphylococcus count obtained 
on this sample. The lowest level of coagulase-positive staphylococci per milliliter 
was obtained initially with 18 of 20 samples. The lowest level in the two other 
samples was obtained after seven days of storage. In both of these latter samples, 
the standard plate count (SPC) was greater than 30 < 10° per milliliter after 
storage for two days. Also, one of these samples was heavily contaminated with 
micrococci which grew abundantly on the Tellurite-glycine agar. The maximum 
count of coagulase-positive staphylococci per milliliter was obtained after four 
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Multiplication of coagulase-positive staphylococci in raw milk held at 
of 4° C. for seven days 


Sample Staphy- 
Y locoeei 


No. 


CON o Cre bre 
a 0 


104 
1l 
12 
13° 
14° 
15 
16 
17 
18 
194 
204 


Initial count/ml 


70 
1,600 
3,100 
460 
1,200 
700 
3,300 
1,100 
600 
750 
1,100 
150 
220 
220 
120 
330 
750 
440 
200 

25 


<30 


SPC* 
27 X 10° 
14 X 10° 
21 X 10° 
11 X 10° 
87 X 10° 
16 X 10° 
68 X 10° 
11 X 10* 
85 X 10? 
11 X 10° 
14 X 10° 
38 X< 10° 
12 X 10* 
10 X 10° 
88 X 10° 
33 X 10° 
39 X 10° 

x 10? 
74 X 10? 
<30 X 10° 


S. CLARK, . 


Count/ml at 
two days 


Staphy- 
lococei 


600 
250 
3,000 
500 
1,100 
1,900 
1,100 
1,100 
400 
190 
1,100 
260 
25 
120 
250 
500 
1,000 
400 
40 

60 


. AND F. E. 


TABLE 1 


SPC 
15 X 10° 
12 X 10* 
18 10* 
19 X 10* 
51 X 10° 

<30 X 10 
35 X 10* 
65 X 10* 

<30 X 10? 

<30 X 10* 

<30 X 10* 

<30 X 10 
14 X 10* 
13 X< 10° 

<30 X 10* 
29 X 10° 
45 X 10° 
60 X 10? 
18 X 10° 
30 X 10? 


“Standard plate count at 32° C. 

> Determination not made. 
* Heavy growth of micrococci on all Tellurite-glycine plates. 
*Tnitial plating at 0 hr. 


Multiplication of coagulase-positive staphylococci in raw milk held at 
of 10° C. for seven days 


Sample Staphy- 


No. locoeci 


Cle be 


ag 


Con 
aa 


104 
11 
12 
134 
144 
15 
16 
17 
18 
194 
204 


*Standard plate count at 32° C. 
» Determination not made. 
° Heavy growth of micrococei on all Tellurite-glycine 
*Tnitial plating at 0 hr. 


Initial count/ml 


70 
1,600 
3,100 

460 
1,200 
700 
3,300 
1,100 
600 
750 
1,100 
150 
220 
220 
120 
330 
750 
440 
200 


25 


SPC* 
27 x 10° 
14 X 10° 
21 X 10° 
11 X 10° 
87 X 10° 
16 X 10° 
68 X 10° 
11 X 10* 
85 X 10? 
11 X 10* 
14 X 10° 
38 X 10° 
12 X 10* 
10 X 10° 
88 X 10? 
33 X 10° 
39 x 10° 

x 10° 
74 X 10? 
<x 10? 


Count/ml at 
two days 

Staphy- 

lococei 


3,400 


13,000 
16,000 
5,400 
3,000 
6,300 
2,900 
14,000 
3,600 
1,000 
2,200 
3,900 
2,500 
1,000 
4,400 
450 
100 


NELSON 


Count/ml at 


four days 


Staphy- 


locoeci 


750 
450 
3,500 
520 
2,000 
1,300 
2,600 
600 
1,000 
850 
1,000 
370 
25 
160 
320 
580 
1,700 
1,200 
210 
60 


TABLE 2 


>30 X 10° 
60 < 10° 
19 x 10° 
49 xX 10° 
>30 X 10° 
47 X 10* 
23 X 10* 
34 X 10° 


24 


16 


48 


x 10° 
¢ 10° 
4 10° 


50 X 10° 
11 X 10° 





SPC 


>30 X 10° 


11 X 10° 
31 X 10° 


>30 X 10° 
>30 X 10° 
<30 X 10* 


16 X 10° 


>30 X 10° 


10 X 10° 
21 x 10° 
30 X 10° 
11 X 10° 
88 X 10° 
88 X 10? 
12 X 10* 


>30 X 10° 


16 X 10* 
92 X 10° 
75 X 10? 

§ xX 10° 


Count/ml at 





Staphy- 


lococei 


7,000 
15,000 
5,100 
8,000 
18,000 
26,000 
14,000 
3,400 
20,000 
15,000 


120,000 


7,000 
550 
29,000 
23,000 
3,300 
31,000 
7,300 
18,000 
11,000 


four days 





SPC 
b 


>30 X 10° 
>30 X 10° 
>30 X 10° 
>30 X 10° 
>30 X 10° 


24 X 10° 
>30 X 10° 
>30 X 10° 


>30 X 10° 
>30 X 10° 
>30 X 10° 


>30 X 10° 

16 X 10° 
>30 X 10° 
>30 X 10° 


plates. 


200,000 





storage temperatures 


Count/ml at 
seven days 


Staphy- 
lococei SPC 
450 2s 
700 
2,100 
510 
2,200 
1,200 
200 
50 
200 12 X 10° 
500 >30 X 10° 
1,100 24 X 10° 
250 >30 X 10° 
140 45 X 10* 
200 38 X 10 
50 >30 X 10° 
95 
1,500 19 X 10° 
1,200 >30 X 10° 
360 23 X 10° 


140 >30 X 105 


storage temperatures 


Count/ml at 

seven days 
Staphy- 
locoeei SPC 





5,000 
35,000 
9,000 
12,000 
2,900 
27,000 
1,600 
<100 
83,000 
12,000 
360,000 
7,900 
54,000 
23,000 
13,000 
2,200 
340,000 
21,000 >30 X 10° 
>30 X 10° 
9,600 >30 < 10° 
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days of storage with nine samples and after seven days of storage with 11 
samples. 

At both storage temperatures, the SPC increased considerably. At 10° C. 
the SPC on every sample plated after seven days of storage was greater than 
30 X 10® per milliliter. By comparison, the SPC on eight of the 11 samples held 
at 4° C. and plated after seven days was less than 30 X 10° per milliliter. The 
proportion of coagulase-positive staphylococci to the initial SPC ranged from 
14% in two samples to less than 1% in others. After storage at 4° C. for seven 
days, this proportion was less than 1% in every sample. After storage at 10° C. 
for the same period, the proportion of coagulase-positive staphylococci to the 
SPC was greater than 1% in only two samples (1.2 and 1.1%), while this 
proportion in the remaining samples was far below 1%. 


DISCUSSION 


Coagulase-positive staphylococci did not show definite growth when held 
at 4° C. for periods up to seven days. As shown in Table 1, the counts varied 
slightly, some showing an increase and some a decrease during the storage 
period. The factors responsible for this variation in the viable count are difficult 
to determine. The tendency of this organism to clump in raw milk undoubtedly 
is one factor. Smith (10) has demonstrated the presence of a heat-labile clump- 
ing factor for Staphylococcus aureus in raw milk. 

During storage at 4° C., the standard plate count increased so that the per 
cent of the total count which these staphylococci comprised after seven days 
was less than 1% in all samples. 

Multiplication of coagulase-positive staphylococci did occur in samples held 
at 10° C. for periods up to seven days. The greatest increase which occurred 
was 1,000-fold. In spite of the definite multiplication of staphylococci at this 
temperature, the percentage of the standard plate count which they comprised 
decreased. This was due to the very marked increase in the standard plate 
count. This is in agreement with those workers (7, 10, 11) who stated that the 
presence of other bacteria appeared to restrain the growth of staphylococci. 
However, staphylococci undoubtedly would increase rather slowly at 10° C. 
even if they were in pure culture and in heat-treated milk. 

No correlation was observed between the initial and final populations of 
staphylococci. The sample which gave the highest final level of coagulase-posi- 
tive staphylococci, 360,000 per milliliter, had an initial count of 1,100 per milli- 
liter. Another sample which initially contained 1,100 coagulase-positive staphy- 
lococei per milliliter showed less than 100 per milliliter after storage at 10° C. 
for seven days. 

The mere presence of coagulase-positive staphylococci in raw milk is note- 
worthy, because some organisms of this group are known to be enterotoxigenic. 
Since these organisms can multiply in milk held at 10° C., mismanagement on 
the part of either the producer or the processor to permit temperatures to rise 
before pasteurization, or contamination after pasteurization followed by mis- 
treatment of the product by the processor or the consumer, could result in a 
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final milk product capable of producing food poisoning. Barber’s report (3) 
of a staphylococcus food-poisoning outbreak from drinking raw milk has clearly 
demonstrated that milk is a good substratum for enterotoxin formation. Other 
studies in more recent years have confirmed this observation. 

The increase of coagulase-positive staphylococci in milk held at 10° C. is 
important, but should not be considered as a probable direct cause of food 
poisoning, for several reasons. Not all coagulase-positive staphylococci are en- 
terotoxigenic, and although Allison (1) suggests 500,000 per gram as the mini- 
mum number of viable coagulase-positive staphylococci as supporting evidence 
for staphylococcus food poisoning, no enterotoxin will be formed, even by large 
numbers, of nonenterotoxigenic coagulase-positive staphylococci. The three 
highest staphylococcus counts obtained at a storage temperature of 10° C. were 
after a holding period of seven days. This is not a common holding period, and 
these milk samples had become rancid by this time. This would usually preclude 
using the milk for human consumption. 
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PEPTIDES AS SOURCES OF ESSENTIAL AMINO ACIDS FOR 
LACTIC STREPTOCOCCI? 


PATRICIA MacLEOD anp D. F. GORDON, JR. 


Department of Animal Industries, Storrs Agricultural Experiment Station, Storrs, Connecticut 


SUMMARY 


Two strains of Streptococcus lactis, one of Streptococcus cremoris, and one of 
Streptococcus lactis var. maltigenes were shown to possess peptidases capable of hydro- 
lyzing a number of commercially available dipeptides and two tripeptides into the constit- 
uent amino acids. The four test cultures exhibited similar hydrolytic ability toward the 
peptides under examination. If the C-terminal amino acid of the peptide was of D con- 
figuration, no hydrolysis occurred. Dipeptides in which one of the constituent amino acids 
was L-leucine or L-valine, when substituted for these amino acids in chemically defined 
media, were shown to fulfill the nutritional requirements of each of the four cuitures for 
these essential acids. S. lactis var. maltigenes degraded the freed leucine and valine from 
such peptides to 3-methylbutanal and 2-methylpropanal, respectively. The possible role 
of peptides as preeursors of flavor compounds in dairy products is discussed. 





Cells of Streptococcus lactis and Streptococcus lactis var. maltigenes possess 
enzyme systems capable of degrading certain amino acids to alpha-ketoacids, 
and in the case of the malty variant to flavorful aldehydes (5, 6, 7). Because 
of these findings it was decided to investigate the degradative ability of these 
organisms and a strain of Streptococcus cremoris on slightly more complex 
substrates such as dipeptides containing the amino acids, which are possible 
precursors to flavor compounds (7). If resting cells of the test cultures split 
various dipeptides into the constituent amino acids, this could provide an ex- 
planation of the increase in free amino acids found in pasteurized soured milk 
as reported by Samuelson (10). It would also uphold the hypothesis that the 
increases of free amino acids found in protein-free fractions of incubated skim- 
milk cultures of S. lactis might result from bacterial peptidase activity on pep- 
tides formed by the action of bacterial proteinases (12). If it were found that 
L-leucine and u-valine are freed by bacterial hydrolysis from leucine- and valine- 
containing dipeptides, then these peptides, when substituted for the amino acids 
in completely synthetic media, should be capable of fulfilling the leucine and 
valine requirements of the lactic cultures. Such findings would substantiate 
the hydrolytic abilities of the cultures. Further proof would be if 3-methyl- 
butanal and 2-methylpropanal accumulated in incubated mixtures of cells of 
S. lactis var. maltigenes and leucine- or valine-containing peptides, respectively. 

The present paper reports the results of experiments designed to demonstrate 
the following: (a) hydrolytic action of the cultures on commercially available 
dipeptides; (b) ability of t-leucine- and t-valine-containing peptides to fulfill 
the requirements of the organisms for leucine and valine; and (c) the accumu- 
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lation of flavorful aldehydes in incubated mixtures of L-leucine- and L-valine- 
containing peptides and resting cells of S. lactis var. maltigenes. 


EXPERIMENTAL PROCEDURE 


Cultures. Two strains of S. lactis (lug and Liggo), one strain of S. lactis var. 
maltigenes (M,), and one strain of S. cremoris (Cogg25) were employed as the 
test cultures throughout this study. These were transferred weekly in sterile 
milk prepared from antibiotic-free nonfat dry milk solids and held at 4° C. The 
two strains Le and M, were from the laboratory stock culture collection, whereas 
Lizgg2 and Cogos were American Type Culture Collection strains. 

Substrates. The peptides? used as substrates in the peptidase activity tests 
are as follows: glycyl-p-valine, glycyl-L-valine, glycyl-p-leucine, glycyl-L-leucine, 
glycyl-pL-methionine, L-alanyl-pi-leucine, pi-alanyl-L-leucine, L-leucyl-L-phenyl- 
alanine, L-leucylglycine, p-leucylglycine, L-leucyl-L-alanine, L-alanylglycylglycine, 
and pui-alanylglyeylglycine. Paper chromatographic analyses of all peptide 
preparations showed that pL-alanylglycine, pL-alanyl-pL-leucine, and pD.i-alanyl- 
L-leucine contained one or both constituent amino acids in the free form. These 
preparations were not used in the nutritional studies. Optical rotation deter- 
minations as well as nutritional studies indicated that the p-leucylglycine em- 
ployed contained as a constituent acid some of the natural isomer of leucine. 

Demonstration of peptidase activity. Two-liter lots of trypticase broth 
(BBL) were inoculated with 10-15 ml. of 18-hr. broth cultures of the test 
organisms and incubated at 32° C. for 24 hr. After incubation, the cells were 
separated by centrifugation for 10 min. in a high-speed angle centrifuge at 
12,800 X G, washed with distilled water, and suspended in 0.033 M phosphate 
buffer at pH 7.0 (11). Twenty-five-milliliter quantities of the buffered cell 
suspensions were added to 25 ml. of distilled water to which had been added 
25 mg. of the peptide under test. Comparable buffered cell suspensions con- 
taining no added peptide and peptide solutions containing no cells were prepared 
as controls. 

The cell-peptide mixtures and controls were incubated at 32° C. for 3 hr. 
After incubation, the cells were separated by centrifugation, and the clear 
supernatants were held at 4° C. overnight. The supernatants of the cell-peptide 
mixtures, cell and substrate controls, as well as standard solutions of amino 
acids, were spotted in 0.05-ml. quantities on Whatman No. 1 paper. Papers 
prepared in this manner were developed in water-saturated phenol or in a 
mixture of pyridine: isoamylaleohol : water: diethylamine (20: 20:14: 0.6. v/v) 
or in butanol: acetic acid: water (4:1:5. v/v), dried, sprayed with ninhydrin, 
and developed in the dark at room temperature. 

Amino acid replacement by peptides. The basal synthetic medium was that 
described by Niven (9), with certain modifications (8). In six of 14 media 
prepared, peptides of which one of the constituent amino acids was leucine 
were substituted for L-leucine in the basal broth; and in three media, peptides 


“Purchased from General Biochemicals Inc., Nutritional Biochemicals Inc., or Mann 
Research Labs. 
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having valine as a constituent acid were added to replace L-valine. The remain- 
ing five media prepared were as follows: complete basal, basal minus L-leucine, 
basal minus L-leucine plus p-leucine, basal minus L-valine, basal minus L-valine 
plus p-valine. The amount of peptide added to each peptide-containing medium 
was calculated on the quantity of the peptide which on complete hydrolysis 
would yield the amount of leucine or valine called for in the basic formula (8). 
The media were tubed in 5-ml. amounts, sterilized at 121° C. for 15 min., and 
incubated at 32° C. for 48 hr. prior to inoculation to assure sterility. 

Each medium was inoculated with a 4-mm. loopful of an 18-hr. lactic broth 
culture (3) and incubated at 32° C. for 48 hr. This was followed by three serial 
48-hr. subcultures in each medium, one loopful of the previous 48-hr. culture 
being used as the inoculum. The growth responses of the various strains, after 
four transfers, were measured in a Klett-Summerson spectrophotometer at 
660 mp, then converted to per cent light transmission. 

Demonstration of 3-methylbutanal and 2-methylpropanal. Cells of 8S. lactis 
var. maltigenes harvested from 7 liters of trypticase broth were washed twice 
with water and suspended in 400 ml. phosphate buffer (pH 7.0). Fifty-milli- 
liter quantities of the buffered cell suspension were added to each of seven flasks 
containing, respectively, 100 mg. of L-leucyl-L-alanine, L-leucyl-L-phenylalanine, 
L-leucylglyecine, L-alanyl-L-leucine, glycyl-L-valine, L-alanyl-L-valine, and glycyl- 
p-valine, each dissolved in 50 ml. of buffer. A comparable cell suspension to 
which no peptide had been added, and substrate solutions to which no cells 
were added, were prepared as cell and substrate controls. The flasks were incu- 
bated at 32° C. for 4 hr., the cells removed by centrifugation, and the super- 
natants allowed to remain at 4° C. overnight. Twenty milliliters of 0.2% 2,4- 
dinitrophenylhydrazine in 2 N HCl was added to each supernatant, and the 
mixtures were allowed to stand at room temperature for 2 hr. The 2,4-dinitro- 
phenylhydrazones were extracted exhaustively with carbonyl-free hexane. The 
extracts were evaporated to dryness at room temperature and the derivative 
residues taken up in 2 ml. of hexane and spotted in 0.02-ml. amounts.on What- 
man No. 1 paper, along with solutions of authentic 2,4-dinitrophenylhydrazine 
derivatives of 3-methylbutanal, and 2-methylpropanal. Papers were developed 
by the method of Heulin (4). 


RESULTS AND DISCUSSION 


All peptides studied were distinguishable chromatographically as separate 
spots from those of their constituent amino acids, when developed in at least 
one of the solvent systems employed. If on the chromatograms of the super- 
natants of the cell-peptide mixtures, spots developed which had run parallel to 
those of standard solutions of the constituent amino acids, the cultures were 
considered to have exhibited peptidase activity. The criterion for complete or 
partial hydrolysis of a peptide was the complete or partial disappearance of 
the peptide spot on the chromatograms of the cell-peptide supernatants. 

Complete hydrolysis of pi-alanylglycine and pi-alanyl-L-leucine shown to 
be contaminated with free glycine or leucine and. alanine, respectively, was 
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recorded as having occurred on the basis of the complete absence of the peptide 
spot on the paper chromatograms of the cell-peptide mixtures. In the case of 
oL-alanyl-pL-leucine preparation, found to be contaminated with free leucine, 
partial hydrolysis was recorded. This conclusion was based on the appearance 
of an alanine spot in conjunction with the partial disappearance of the peptide 
spot on the chromatograms of the cell-peptide supernatants. 

Each of the four lactic cultures was shown to hydrolyze completely the 
following peptides: glycyl-L-valine, glycyl-L-leucine, L-alanyl-L-alanine, L-alanyl- 
L-valine, L-alanyl-L-leucine, pL-alanylglycine, pL-alanyl-L-leucine, L-leucy]-L-phen- 
ylalanine, L-leucylglycine, L-leucyl-L-alanine, L-alanylglyeylglycine, and pt-al- 
anylglyeclyglycine. All of the test cultures partially hydrolyzed glycyl-pL-methi- 
onine, DL-alanyl-pL-leucine, and p-leucylglycine. None of the four cultures was 
able to hydrolyze glycyl-p-valine or glyeyl-p-leucine under the conditions of this 
experiment. 

From the above results it may be concluded that each of the four lactic 
cultures exhibited hydrolytic abilities for all the dipeptides tested if the C-ter- 
minal amino acid was glycine or one of L-configuration, but did not degrade 
the peptides in which the C-terminal amino acid was of the p form. The four 
lactic cultures exhibited similar peptidase activity towards all peptides examined. 

The results of the hydrolytic activity studies, involving resting cells of the 
four lactic cultures, were substantiated in the nutritional studies involving 
actively growing cells of the cultures and various leucine- and valine-containing 
dipeptides as shown in Table 1. The t-leucine- and L-valine-containing peptides 


TABLE 1 


Growth responses of the four lactic cultures in chemically defined media in which L-leucine 
or L-valine had been replaced by peptides 














Cultures 

Media Mi Le Lizos2 Cove 
Complete basal 56* 55 56 63 
Basal minus L-leucine 100 100 97 100 
Basal minus L-leucine + D-leucine 98 98 83 98 
Basal minus L-leucine + glycyl-D-leucine 100 94 100 100 
Basal minus L-leucine + D-leucylglycine 75 89 70 94 
Basal minus t-leucine + glycyl-DL-leucine 64 59 63 64 
Basal minus L-leucine + L-alanyl-L-leucine 54 54 57 56 
Basal minus L-leucine + L-leucyl-L-alanine 60 57 56 57 
Basal minus 1-leucine + L-leucyl-L-phenylalanine 69 61 59 64 
Basal minus L-valine 96 97 98 96 
Basal minus L-valine + D-valine 99 100 99 100 
Basal minus L-valine + glycyl-b-valine 96 97 96 6 
Basal minus L-valine + glyecyl-L-valine 57 60 57 64 
Basal minus L-valine + L-alany!-L-valine 57 55 54 57 








* Per cent light transmission. 


tested were able to fulfill the requirements of the four cultures for those amino 
acids. As has already been mentioned, p-leucylglycine when substituted for L- 
leucine in the basal medium allowed multiplication of two of the cultures (M, 
and Logs), suggesting that the peptide actually contained as a constituent acid 
some of the natural isomer of leucine. 
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It has long been recognized that peptides are present in milk. Block (1) 
and Van der Zant and Nelson (12) have reported the presence of several pep- 
tides in the protein-free fraction of skimmilk. Cell-free extracts of two strains 
of 8S. lactis have been reported (13) capable of hydrolyzing several peptides 
such as glycyl-t-leucine and pi-alanylglycine. In the present experiment it 
has been shown that whole resting cells and actively growing cells of S. lactis, 
S. cremoris, and S. lactis var. maltigenes exhibited peptidase activity for similar 
and other peptides. 

When resting cells of S. lactis var. maltigenes were incubated with buffered 
solutions of L-leucyl-L-alanine, L-leucyl-L-phenylalanine, L-leucylglycine and L- 
alanyl-L-leucine, 3-methylbutanal accumulated in the mixtures, and when glycyl- 
L-valine and L-alanyl-L-valine were the substrates, 2-methylpropanal accumu- 
lated. No accumulation of 3-methylbutanal or 2-methylpropanal occurred, how- 
ever, when the cells were incubated with glycyl-p-leucine or glycyl-p-valine, re- 
spectively. These facts imply that peptides containing L-isoleucine, L-leucine, 
L-valine, L-methionine, or L-phenylalanine, if present in milk, could act as 
precursors of alpha-ketoacids and/or flavorful aldehydes (7). Three-methyl- 
butanal and 3-methylthiopropanal are known to be present in the volatile flavor 
fraction isolated from Cheddar Cheese (2); these may result from the trans- 
amination and decarboxylation of L-leucine and L-methionine present originally 
in milk or cheese in the peptide or free form. 
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INFLUENCE OF SALT ON THE DEVELOPMENT OF ACID BY LACTIC 
STARTERS IN SKIMMILK AND IN CURD SUBMERGED IN BRINE? 


D. M. IRVINE® anp W. V. PRICE 
Department of Dairy and Food Industries, University of Wisconsin, Madison 


SUMMARY 


Typical commercial lactic cultures were grown at 100°F. in reconstituted nonfat dry 
milk containing varied concentrations of salt up to 5%. Acid development was stimulated 
by small amounts of salt, but was definitely inhibited at levels of 2.5% salt and over. 
When comparable starters were used in making curd by the Dariworld process, the curd 
was taken at dipping at pH 6.1 to 6.0 and covered with brine at 100°F. Acid development 
continued more rapidly in brines with 3% salt than in identical curd covered with water. 
Most rapid acid development in the curd was found at salt concentrations approximating 
907 
a /o- 





Modern methods of making cheese frequently use brine instead of dry salt 
for salting curd particles during or at the end of curd making. Such treatments 
have been described by Stine (9), Walter et al. (11), and McAdam and Leber 
(5). In making Dariworld Cheese (4) the curd is held in a weak brine while 
acid is developing. When the proper acidity is attained the curd is heated 
briefly in 5% brine to complete the making operation and to incorporate 1.7-2% 
salt in the finished cheese. The influence of salt on the activity of the lactic 
acid—producing organisms under these or similar conditions has been of con- 
cern to several workers. 

McDowall and Whelan (7) cited work by Orla-Jensen who found that most 
lactie acid bacteria were not inhibited by 2.5% salt in peptone broth with 2% 
added dextrose. He noted considerable inhibition with 5.5% salt and complete 
inhibition with 10% salt. Since Orla-Jensen had used an artificial medium, 
McDowell and Whelan conducted similar experiments with milk using either 
mixed commercial cultures or a pure culture of lactic streptococci. They noted 
stimulation of the organisms with 1% salt, frequent stimulation with 2% sait, 
some stimulation and some inhibition with 3% salt, and definite inhibition 
above 3% salt. Total inhibition resulted with concentrations of 6% and above. 

Solol’skaya (8) observed stimulation of Streptococcus lactis by 0.5% salt 
and inhibition at 2%. The tolerance of the organisms improved with increased 
buffer capacity and nutritive value of the growth medium. 

Walter et al. (12) observed that up to 2% salt in the cheese had little inhi- 
bition on the acid development by S. lactis but Streptococcus cremoris showed 
inhibition at 1.4% and almost complete inactivation at 2% salt. Streptococcus 
durans has been used to obtain acid (11) with some brine treatments of curd. 
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MeDowall and Dolby (6) and Hoecker and Hammer (2) showed that the 
penetration of salt into Cheddar curd was very slow when applied at the normal 
time after milling. The lower moisture content and denser structure of this 
eurd compared to curd during earlier stages of making seemed to favor slower 
adsorption of salt. This was suggested by the work of Buyens (1), who found 
that as the moisture content of Brick Cheese decreased, the rate of penetration 
of salt also decreased. 

In the making of Dariworld Cheese, the curd is made like Cheddar until 
dipping. After dipping, the whey is completely removed and partially replaced 
with brine. The brine is necessary for the control of moisture and acidity of 
the finished cheese. Acid development is necessary during the 2 hr. which the 
curd remains in the brine before the final salting and heating treatments. It is 
recognized that acid-producing organisms in the curd are affected by the duration 
of exposure, the concentration of the salt in the brine, and the rate of penetra- 
tion of brine into curd. 

This study reports measurements of the influence of sodium chloride concen- 
tration upon the activity of commercial lactic cultures in reconstituted nonfat 
dry milk (NDM), and the influence of different concentrations of salt in brine 
on the development of acid in curd submerged in brine. 


METHODS 


Effect of various concentrations of salt on the starter activity tests in recon- 
stituted NDM. Six commercial lactic starters were used in these experiments: 
Hansen’s Dri-Vae 2, 18, and 22, Hansen’s Liquid Culture, Marshall’s Marlac, 
and a Dairy Laboratories’ Flavolac of known activity which had been propa- 
gated and lyophilized in this laboratory. All cultures were propagated daily 
for eight days in 10% reconstituted NDM before testing for salt tolerance. 
Cultures were approximately 15 hr. old when used in activity tests. 

The activities of each of these various cultures were measured in different 
mixtures of sodium chloride and reconstituted NDM. Measurements were made 
by a modification of the Horrall-Elliker test (3) for starter activity. Each 
starter was tested for activity in the presence of 0-5% concentration of sodium 
chloride in 10% reconstituted NDM. The necessary amounts of salt brine were 
added to 8-oz. prescription bottles which were dried and sterilized in dry air 
at 200° F. for 12 hr. The reconstituted NDM was sterilized and the necessary 
amounts were measured aseptically into the sterile bottles containing the dried 
salt. The mixtures totalled 100 ml. in volume. The sterile mixture was inocu- 
lated with 3% of the selected culture and incubated at 100° F. for 3.5 hr. 
before titrating for acid. Acidity measurements were made by titrating 17.6-ml. 
portions with N/10 sodium hydroxide. The percentages of acidity equivalent 
to the standards of the Horrall-Elliker test were: active, 0.34% and over; 
slow, 0.26 to 0.30% ; and unsatisfactory, less than 0.26%. All of the six starters 
mentioned were tested simultaneously on several days. 

Effect of various brine concentrations on the acid development of curd 
submerged in the brines. This was studied by making 14 vats of cheese by the 
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usual Cheddar procedure until the time of dipping. Hansen’s Dri-Vae 18 and 
Hansen’s Liquid Culture were used interchangeably for these trials. Each vat 
of milk was incubated with 1% starter. The curd was cut into 14-in. cubes. 
When the curd attained a pH of 6.0-6.1, the whey was removed and 454-g. por- 
tions of curd were placed in 2-liter beakers and immediately immersed in 908 g. 
salt brine at 100° F. This ratio of curd to brine approximates that used in 
making cheese by the Dariworld process. Eight different treatments were used: 
0, 1.0, 1.5, 2.0, 2.5, 3.0, 4.0, and 5% sodium chloride brines. Portions of the 
eurd were held in the cheese vat at 100° F. without brine. Titratable acidity 
measurements of the brine and pH measurements of the curd were made after 
2 hr. of holding at 100° F. 

Measurement of pH. A quinhydrone, gold electrode, and saturated calomel 
half-cell were used for pH measurements with a Leeds-Northrop portable po- 
tentiometer (Catalog No. 7655), according to the procedure deseribed by Van 
Slyke and Price (10). 

RESULTS AND DISCUSSION 


Starter activity tests in reconstituted NDM. Effects of salt concentration 
on activity tests in reconstituted NDM are shown in Table 1. In the salt-free 











TABLE 1 
Starter activity test of different concentrations of salt in skimmilk 
Salt in Starter number * 
skim- —___—_—— —_—_— 
milk 1 2 3 4 5 6 
(%o) 
0. 0.44 0.38 0.33 0.38 0.37 0.32 
0.5 0.44 0.39 0.34 0.40 0.40 0.35 
1.0 0.44 0.39 0.36 0.39 0.38 0.36 
1.5 0.40 0.36 0.36 0.36 0.36 0.33 
2.0 0.32 0.32 0.32 0.36 0.32 0.29 
2.5 0.28 0.27 0.28 0.30 0.28 0.28 
3.0 0.26 0.26 0.26 0.26 0.28 ‘0.27 
3.5 0.26 0.26 0.26 0.26 0.2 0.25 
4.0 0.25 0.26 0.25 0.25 0.26 0.26 
4.5 0.24 0.22 0.26 0.25 0.25 0.2 
5.0 0.24 0.22 0.25 0.25 0.24 0.24 





* Starter number 


1. Hansen’s Dri-Vae 18 4. Hansen’s Dri-Vae 22 
2. Hansen’s Dri-Vae 2 5. Hansen’s Liquid Culture 
3. Marshall’s Marlac 6. Dairy Laboratories Flavolac 


mixture all starters developed 0.32% or more acid and were classified as active. 
Concentrations of 1.5% salt permitted slightly less acid development in four 
cultures and slightly more acid in two cultures than occurred in the absence 
of salt. Concentrations of salt above 2% inhibited starter activity to such an 
extent that the rate of acid development would not be satisfactory in cheese 
making. The activity of each starter relative to others was approximately the 
same in concentrations up to 1.5%. Subsequent differences in activity of 
several starters were of a minor nature, irregular and irrelevant because the 
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general activity was too low for practical use. It is noteworthy, however, that 
acid was developed in 3.5 hr. at 100° F. even in salt concentrations as high as 5%. 

In general, these results with reconstituted NDM and commercially avail- 
able, cheesemaking starters conform to the observations of other workers who 
have used bacterial media or milk and pure or mixed strains of lactie acid—pro- 
ducing organisms. 

Acid development of curd submerged in brine. The data in Table 2 and 
Figure 1 show that average acidity released by curd to brine in 2 hr. of holding 
at 100° F., as measured by titration, produced a maximum titratable acidity in 
the brine approximating 1.5% salt. Curd held in brine with 3% salt and curd 
held in water showed comparable average developments of titratable acidity. 
Holding the curd in 5% brine permitted only minor amounts of developed 


acidity. 


TABLE 2 


Influence of sodium chloride concentration on acidity after holding curd in brine for 
2 hr. at 100° F. 





Titratable acidity 





: Acidity of curd of brine 

No. of Salt in — — 
trials brine Max. Min. Av. Max. Min. Av. 
(%) —_———/( pI] } —_——_-—— (%) canal 
14 0.0 5.90 5.47 5.67 0.21 0.095 0.13 
12 1.0 5.71 5.38 5.56 0.22 0.107 0.15 
8 1.5 5.83 5.23 5.56 0.22 0.115 0.16 
12 2.0 5.79 5.30 5.53 0.215 0.11 0.14 
12 2.5 5.80 5.42 5.56 0.20 0.115 0.14 
12 3.0 5.92 5.47 5.60 0.185 0.10 0.13 
9 4.0 5.83 5.35 5.66 0.145 0.09 0.12 
11 5.0 5.99 5.66 5.86 0.13 0.07 0.10 


6 No brine 5.61 5.32 5.47 





Cultures (Hansen’s Dri-Vac 18 and Hansen’s Liquid Culture) were used interchangeably 
in these trials. 


The average acidity developed in the curd, as measured by pH, reached a 
maximum in portions of curd held in a brine of 2% concentration in the 2-hr. 
holding period at 100° F. Differences in average pH values of curd held in 
brines containing 1-2.5% salt were statistically insignificant. The average pH 
values of curd held in water approximated that of curd held in 4% brine under 
like conditions of time and temperature. The pH values of curd held in per cent 
salt solution decreased on the average only about 0.15 unit from that of the 
eurd when it was placed in the brine. 

The starter organisms in the reconstituted NDM were in direct contact with 
the full strength of dissolved salt; those in the curd were in part protected by 
the time lag required for penetration of salt after exposure of curd brine. 
There was, of course, a slight decrease in salt concentration in the brine sur- 
rounding the curd caused by release of whey to the brine by the curd during 
the 2 hr. holding period. This diluting effect, however, would not seem to be 


- 


important since the decrease in salt concentration would not exceed 0.2-0.4%. 
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at It is possible that salt tolerance of organisms was greater in the more highly 
0. buffered curd as suggested by Solol’skaya (8). 
i1- The use of salt-tolerant organisms such as S. durans instead of commercial 
10 lactic starters to develop acid in the making of Dariworld Cheese seems to be 
0- quite unnecessary. A limited number of trials with 8S. dwrans and Streptococcus 
thermophilus has revealed no advantages in curd making or in cheese quality. 
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SALT IN BRINE — % 


ly Fig. 1. Influences of sodium chloride concentration of brine on acid developed by curd 
held in the brine for 2 hr. at 100° F. 
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INFLUENCE OF THE PACKAGE ON TEMPERATURE OF COTTAGE 
CHEESE IN RETAIL MARKETING CHANNELS? 


J. W. SHERBON anp E. L. THOMAS 


University of Minnesota, St. Paul 


SUMMARY 


“Experiments concerning the effect of package on the temperature of Cottage Cheese 
have been made. Two basie types of conditions were used; when the product was in 
thermal equilibrium with an open-top retail display cabinet, and when the product was 
subjected to warming and cooling conditions. The packages used included foil-surfaced 
and fiber-surfaced cups and boxes. It was found that foil surfaces will keep the product 
an average of 3.3°C. colder in warmer regions of a display cabinet than will fiber surfaces, 
regardless of package shape. The exchange of radiant heat between a stack of fiber cups 
and a stack of foil cups in the display cabinet resulted in an 0.6°C. increase in the 
temperature of the cheese in the foil cups, while not affecting the temperature in the 
fiber cups. Under warming and cooling conditions, the over-all coefficient of heat transfer, 
the degree of curvature of a time-temperature plot, and the f time (time in minutes 
required to reduce a temperature difference to 1/10th the original value) were found to 
be more dependent upon package shape than upon the packaging material. 





The quality of Cottage Cheese at the time of consumption is a reflection of 
both the initial quality and changes occurring during storage. The bacterio- 
logical quality of Cottage Cheese purchased in retail markets has been surveyed 
and found to be poor in many cases (6, 8, 11). Many types of Cottage Cheese 
spoilage organisms have been identified (3, 10, 12) and most of them are capable 
of growth at low temperatures (2, 4, 5). Greene and Jezeski (5) have shown 
that the growth rate of psychrophilic organisms of dairy origin decreases as 
the temperature of incubation is lowered below 30° C. and that the greatest 
decrease of growth rate oceurs in the 0 to 10° C. range. The temperature of 
Cottage Cheese in retail stores has been found to vary from 1 to 15° C. (7), 
well within the growth range of many spoilage organisms. 

Packard et al. (9), in their investigations of the influence of package type 
upon the keeping quality of ice cream, noted that aluminum foil—covered ice 
cream cartons maintained a lower product temperature than did ordinary 
fiber cartons when stored in an open-top merchandising cabinet. They attributed 
this to the ability of the foil to conduct and reflect heat more readily than fiber. 

Because of the importance of low storage temperatures for the protection 
of Cottage Cheese quality and the possibility that the type of package may 
influence the storage temperature, investigations of the effects of the package 
upon the temperature of Cottage Cheese under selected storage conditions were 
undertaken. 
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Experimental conditions and methods. This study was divided into two 
main parts: (1) when the product was in thermal equilibrium with a retail 
display cabinet; and (2) when the product was subjected to warming and 
cooling conditions. 

The Cottage Cheese used in the experiments was creamed, small curd cheese 
purchased in bulk from a commercial dairy. The test packages were filled 
manually to 165+ 0.5 oz. net weight after all utensils, packages, and the 
operator’s hands were dipped in a 200-p.p.m. chlorine solution. 

All temperature measurements were made with copper-constantan thermo- 
couples and a Brown Electronik 16-point recorder. 

The retail display cabinet used for storage trials was a Penguin 6-ft. open- 
top refrigerated display case. Although this case had two compartments, the 
upper one, normally used for Cottage Cheese, was utilized in the experiments. 
Cooling was by natural convection of air over evaporator coils located at the 
rear of each compartment. 

Test packages were subjected to warming conditions in a Cenco forced cir- 
culation incubator operating at 36° C., and to cooling conditions in a walk-in 
cooler operating at 4° C. The forced circulation incubator had wire shelves; 
the walk-in cooler had natural convection of air over wooden shelves. 


EXPERIMENTAL RESULTS AND DISCUSSION 


Part 1. Four types of 16-0z. Cottage Cheese cartons were selected for study 
of variations in temperatures of the cheese when stored in the retail cabinet. 
They were: (a) a ribbed aluminum foil cup, (b) a standard squat style waxed 
fiber cup, (c) a rectangular fiber box having an inner coating of plastic and 
overwrapped with pliofilm after filling, and (d) the same type of rectangular 
box with a foil tissue laminate overwrap substituted for the pliofilm. 

Temperature measurements of the cheese were made in the cup-style cartons 
by thermocouples placed along the central vertical axis at the bottom (bottom 
skin), center, and top (top skin) of the product volume. In the case of the 
boxes, however, the thermocouples were placed at the midpoint of each of the 
largest product surfaces of two identical boxes. The two boxes were then 
stacked with the larger surfaces down, resulting in product temperature meas- 
urements at heights nearly equal to the three points of observation in the cups. 

Additional packages, to give a total of 16 of each type, were filled with 
Cottage Cheese and stored with the test packages in the retail display cabinet. 
Foil-covered styrofoam partitions were placed between lots of each type of 
package, in order to minimize radiant heat transfer. The vertical air tempera- 
ture gradient in the empty cabinet had been previously determined to be 0.5° C. 
per centimeter above the floor of the compartment. The horizontal air tempera- 
ture gradient parallel to the front of the shelf was found to be negligible. 

The test cartons were rotated so that temperature measurements were ob- 
tained for each of the 16 package positions in each group. Five temperature 
measurements at 524-min. intervals were made in each position after the test 
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package had come to thermal equilibrium with the surroundings. The vertical 
temperature gradient within the Cottage Cheese was found to vary somewhat 
with position, and the gradient in the front row was always greater than that 
in the rear row. The results were averaged for each layer in each row and are 
presented in Figure 1. 
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Fig. 1. The vertical temperature gradients of Cottage Cheese in various containers 
stored in the upper compartment of a gravity air circulation open-top display cabinet. 


The top skin temperature of the foil or foil-covered packages was found 
to average 3.3° C. lower than the corresponding temperature in the fiber cartons, 
regardless of package shape. Foil surfaces were also associated with a smaller 
temperature difference between the bottom skin temperature of the upper layer 
and the adjacent top skin temperature of the lower layer. This reduction in 
difference is attributed to a better thermal contact between the foil surfaces 
than between the fiber surfaces. 

A simple statistical ‘‘t’’ test showed that all the temperature differences in 
the upper layer of the front row were significant at the 1% level, except for 
the difference between the average temperature of the ribbed foil cups and of 
the foil overwrapped boxes. No significant difference at the 1% level was found 
for cartons in the lower layer. The difference between the temperature at any 
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point in the front row and the corresponding point in the rear row was attribu- 
ted to the manner of air circulation in the cabinet. 

The relative heat conductance of the two materials, fiber and foil, is offered 
as an explanation of why the foil should maintain a colder product temperature. 
The foil, being the better conductor, would transfer heat from the warm air 
near the top of the stack to the cold air near the bottom of the stack. In fiber 
containers, the heat from the upper portions of the stack would more readily 
be conducted down through the cheese. At product temperatures of 8-11° C., 
where the greatest temperature reduction occurred through the use of foil con- 
tainers, a reduction of 3.3° C. would materially increase the generation time 
of psychrophilic organisms, according to data obtained by Greene and Jezeski 
(5). Therefore, the Cottage Cheese stored in foil-covered containers may be 
expected to have a correspondingly longer shelf life than that stored in fiber 
containers. 

Figure 1 also shows that location of packages in the display cabinet influ- 
enced the product temperature more than the type of packaging material. 
Equally low temperatures were observed in fiber and foil containers at points 
in the cabinet where minimum air temperatures prevailed. At every point 
above the bottom layer, foil containers maintained a lower product temperature 
than fiber containers. 

The greater efficiency of foil as a reflector of radiant heat may also play a 
role. A stack of three silver-ribbed foil cups was stored 10.5 em. from a stack 
of three waxed fiber cups in the display cabinet. The average temperature 
differences between corresponding levels of the two stacks were determined and 
are reported in Table 1. A rectangular radiation shield of foil-covered styrofoam 


TABLE 1 


The temperature differences between corresponding levels in a stack of waxed fiber cups and 
a stack of ribbed-foil cups before and after placement of a radiant heat barrier 
between the stacks 





Temperature difference 
in °C. 
(Fiber cups—foil cups) 








Before After Increase in 
Location of placement placement temperature 
thermocouple of shield of shield difference 
Top skin surface of top cup 2.7 33 0.6 
Center of 
top cup 2.3 2.8 0.5 
middle cup 0.9 1.5 0.6 
bottom cup 1.4 2.0 0.6 





was then placed midway between the two stacks. Its size was just sufficient to 
prevent the extension of a straight line from any point on one stack to any point 
on the other. The average temperature differences between corresponding levels 
of the two stacks were then determined after thermal equilibrium had been 
reached. These results are also presented in Table 1. The increases in tempera- 
ture differences caused by the placement of the shield were tested for significance 
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by a ‘‘t’’ test and found to be significant at the 1% level. The temperatures 
in the stack of waxed-fiber cups remained constant throughout the experiment 
and in each case were higher than in the foil cups. The data observed in this 
experiment also serve to confirm the results of the previous one. 
Part 2. Four types of 16-0z. containers were selected for study of the transfer 
of heat to and from Cottage Cheese. They were: 
(a) A ribbed-foil cup. For the purposes of area calculations, this package 
was considered to be a smooth frustum of a cone. 
(b) A waxed-fiber cup. This style of package has a false bottom, so the 
calculations were based on interior measurements. 
(ec) A rectangular fiber box containing a foil pouch surrounding the cheese. 
(d) A rectangular box as above, but overwrapped with a foil-tissue laminate. 


One of each type of package was filled with Cottage Cheese and thermo- 
couples were placed at the center of the volume. In addition, top skin tempera- 
tures were taken by means of thermocouples placed at the centroid of the upper 
surface of each package. 

The packages were stored on wooden shelves in a walk-in cooler maintained 
at 4° C. by natural convection until thermal equilibrium had been reached. 
They were then transferred to wire shelves in a foreed-circulation incubator 
operating at 36° C. The process was reversed after the new thermal equilibrium 
had been established. Four replicates of each warming and cooling trial were 
made, each package occupying each shelf position once. The experiment was 
then repeated using fresh Cottage Cheese in identical cartons. 

It was found by an analysis of variance procedure that the effects of con- 
tainers on equilibration time were statistically significant at the 1% level under 
natural convection conditions and at the 5% level under forced convection 
conditions. Shelf position was also significant at the 1% level under natural 
convection conditions. A containers X batch of Cottage Cheese interaction was 
found to be significant at the 5% level under natural convection conditions. 

The time-temperature curves for the skin temperatures were subjected to 
further study, as it was felt that the product surfaces would be the site of most 
bacterial spoilage. These curves were fitted to the formula of Ball and Olson (1) : 

f=T,—(%—T.) «* 
where JT = temperature of product at time f¢ 
¢t=time in minutes from the initia- 
tion of heat transfer 
T, = temperature of the incubator 
T., = starting temperature of product 
e = base of natural logarithms 
K =a parameter of the package and 
product 
The parameter K was determined from experimental data for each replicate, 


and the eight results for each package under each set of experimental conditions 
were averaged. These averages are presented in Table 2. A statistical ‘‘t’’ test 
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TABLE 2 
Parameters of the time-temperature curves obtained for various styles of 
Cottage Cheese cartons 








Caleu- 
lated 
Aver- Aver- Aver- initial 
Convection age K Specific age U age / temper- 
Package conditions values surface * values values ature 
(min.-*) (em.") cal. (min. ) (°C.) 
(min. em.* °C.) 
(16-0z. cartons) 
Ribbed-foil cup Forced 0.00997 0.71 0.0140 231 Li 
Natural 0.00783 0.60 0.0131 294 36.4° 
Waxed-fiber cup Foreed 0.00970 0.72 0.0135 237 5.0” 
Natural 0.00783 0.57 0.0137 294 35.4 ° 
Rectangular fiber Forced 0.01124 0.88 0.0128 205 i ig 
box with pouch Natural 0.00610 0.61 0.0100 378 32.6° 
Rectangular fiber 
box with foil Forced 0.01099 0.88 0.0125 210 a7" 
overwrap Natural 0.00610 0.61 0.0100 378 32.8 * 
(12-0z. cartons; calculated values) 
Ribbed-foil cup Foreed 0.01091 0.78 0.0140 211 
Natural 0.00832 0.64 0.0130 277 
Waxed-fiber cup Forced 0.01055 0.78 0.0135 218 
Naturai 0.00853 0.62 0.0138 270 


“Calculated as air-package interfacial area/package volume. 


> Measured initial temperature was 4° C. 
© Measured initial temperature was 36° C. 


showed that no significant differences existed between K values for similarly 
shaped cartons. The differences between the K values for cups and boxes were 
found to be significant at the 5% level under forced convection conditions and 
at the 1% level under natural convection conditions. 
Ball and Olson (1) related K to the over-all coefficient of heat transfer U 
in the following manner: 
r= UA 
ICV 
where C = heat capacity of the product 
d=density of product 
V = volume of product 
A = surface area of container 


The specific surface, or 4/V ratio, was caleulated as the air-package interfacial 
area/ package volume for each package under each set of conditions and the 
results are presented in Table 2. The effect of placing the packages on wooden 
shelves under natural convection conditions was to lower this ratio. Using the 
K values, the air-package interfacial area/ package volume ratio, and assuming 
values of unity for density and heat capacity of the product, it was possible 
to calculate the over-all coefficient of heat transfer U. These values are also 
presented in Table 2. 

The f time, or the time in minutes required to reduce the temperature dif- 
ference between the product and the environment to 1/10th the original value, 
was calculated from the formula f = 1/0.434 K and the results listed in Table 2. 
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The significance of this parameter is easily seen, since it illustrates quite clearly 
the length of time required to cool a package from, for example, 20 to 6.5° C. 
in a room kept at 5° C. 

Because simultaneous equations were used to calculate K from the data, the 
actual starting temperature of the product was eliminated from the formula 
for K. Initial temperatures were calculated from the rate expression using ex- 
perimental K values, times, and temperatures, and the results were compared 
to the actual measured starting temperatures. As can be seen from Table 2, 
the calculated values differed from the measured values. This difference was 
attributed by Ball and Olson (1) to convective heat transfer within the product, 
the degree of disparity being an indication of the importance of this type of 
heat transfer. The data indicate that the degree of convection heating within 
the Cottage Cheese is a function of the type of package as well as the airflow 
characteristics around the package. 

A graph of the equations using averaged parameters for cups and for 
boxes under the two sets of experimental conditions is presented in Figure 2. 
The cooling curves represent the natural convection conditions and the warming 
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Fic. 2. The time-temperature relationships obtained when Cottage Cheese in various 
types of packages at 36° C. was placed in a naturally convected cooler operating at 4° C. 


and when the same packages at 4° C. were placed in a foreed-circulation incubator operating 
at 36° C. 
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curves represent the forced convection conditions. The cups had the higher K 
value under natural convection conditions, as shown by the degree of curvature, 
while the boxes had the higher K values under the forced convection conditions. 
This is thought to be a result of two factors. The first is a greater reduction in 
the air-package interfacial area for boxes in the naturally convected incubator, 
due to placing the packages on wooden shelves (the cartons were on wire shelves 
in the forced-circulation incubator). The effect of this reduction is shown in 
Table 2, by the greater disparity in the specific surface figures for boxes under 
the two sets of conditions. The second factor is the effect of different air 
velocities in the thermal boundary layer created by convection along the vertical 
surfaces of the packages, the boxes being half as high as the cups. 

Caleulations of the foregoing parameters were made for 12-0z. cups and are 
presented in Table 2. These calculations are based on the assumption that the 
over-all coefficient of heat transfer remains constant. The same calculations may 
be made for a group of packages making up a larger unit, i.e., a stack or block; 
however, the conduction of heat along the surfaces of the individual packages 
would limit the accuracy of such calculations. 

The K values reported, having the units of min.-', are equally valid for use 
with any temperature scale. The substitution of measured initial temperatures 
for calculated initial temperatures may be made for all but the most precise 
work, and in any case the error would be overshadowed by changes caused by 
variations in air flow characteristics under different experimental conditions. 


CONCLUSIONS 

Conelusions based upon the work reported herein are: 

1. The nature of the packaging material was found to affect the vertical 
temperature gradient of Cottage Cheese stored in an open-top retail dis- 
play cabinet with gravity air circulation. Foil packages and/or exterior 
foil surfaces maintained a lower product temperature at any point above 
the bottom of a stack than did fiber surfaces, even with identical bottom 
of stack temperatures. 

2. Under conditions of thermal equilibrium, heat was radiated from a stack 
of warmer fiber cups to a stack of cooler foil cups. This resulted in an 
increase of 0.6° C. in the temperature of the Cottage Cheese in the foil 
cups when an initial temperature difference of 2.7° C. existed between 
the two stacks. 

3. The nature of the packaging material influences the length of time re- 
quired to equilibrate the product temperature to that of the environment, 
though the magnitude of the times involved is such that this need not be 
a major consideration in the choice of package. 

4. The shape of the Cottage Cheese package influences the rate of heat 
transfer to or from the product. Cups transferred heat more slowly 
under forced convection conditions and boxes more slowly under natural 


convection conditions. 
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The shape of the package influenced the apparent relative importance of 
convective heat transfer within the product, while the package material 
did not. 

The f times were found to vary from 204.8 to 377.4 min. These times were 
longer in cups under forced convection conditions and in boxes under 
natural convection conditions, reflecting the influence of package upon 
the rate of heat transfer. 
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A CRITICAL EVALUATION OF IN VITRO RADIOACTIVE 
PHOSPHORUS ADDITIONS FOR ESTIMATING 
SOIL DEPOSITS? 


W. G. JENNINGS 


Department of Food Science and Technology, University of California, Davis 


SUMMARY 


The results of 240 determinations show that soils labeled with in vitro additions of 
radioactive phosphorus are well suited for use in studies of cleaning phenomena. Dises 
were cleaned under varying conditions of time, temperature, and hydroxide ion concentra- 
tion. The correlation coefficients for each set of 40 dises were highly significant. The 
correlation between the per cent decrease in radioactivity and the per cent decrease in 
the weight of the soil film for the combined data was caleulated at 0.906. The fact that 
these data do not agree with material recently presented by others (13) is at least partly 
explained by a difference in the nature of the soil films used. 


Milk labeled with C“ following jugular infusion of C“ propionate was found to be 
unsatisfactory for cleaning studies. This was ascribed to the heterogeneity of the film, 
the nonuniformity of this type of labeling, and the necessity that cleaning be stopped 
short of completion, so the relation between a given variable and cleaning can be 
ascertained. 

The use of radioactive bacteria, harvested from a P™ broth, was investigated within 
a limited range. While the correlation between soil removal and weight removal appears 
satisfactory, the method is more involved than in vitro additions, and offers no apparent 
advantage. 


Most of the studies concerned with the cleaning process as applied to food 
handling equipment have reported that the application of a certain cleaning 
regime under a given set of conditions resulted in clean equipment (1, 3, 6). 
Such information is of limited value in assessing the importance of individual 
variables, largely because there is no way of telling whether these are the mini- 
mal conditions necessary to achieve cleanliness, or whether cleaning was ac- 
complished early in the cycle, and for an appreciable portion of the operation, 
little or no soil was available for removal. 

To properly evaluate variables in the cleaning process, it is not only desir- 
able to stop the cleaning operation short of completion; it is necessary that 
the amount of soil removed be estimated rather closely. Various means of 
estimating soil removal have been suggested (2, 3, 6, 11, 14, 15), but one of the 
most satisfactory involves following the decrease in radioactivity of radioiso- 
tope labeled soils. Variations of this technique have been used by a number of 
workers (2, 11, 14, 15). Sieberling and Harper (15) found an irreversible 
adsorption of P%* to stainless steel and suggested using Ca*® to circumvent this 
difficulty. The presence of strongly adsorptive sites on stainless steel has beea 
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noted by other workers (5). Jennings, McKillop, and Luick (11) preferred 
P32 because of its stronger 8 emission, and corrected for adsorption by using 
the activity of each individual manually cleaned test dise as background. They 
ran a large number of determinations, and found no statistical difference be- 
tween the rate of disappearance of radioactivities of in vivo and in vitro labeled 
milks. Peters and Calbert (14) compared the decrease in radioactivity to the 
loss in weight of test dises with films of milk deposits labeled with P**. To 
impart a greater resistance to the cleaning process, these films were, after drying, 
placed in an oven until they were uniformly browned (13). The labeling was 
accomplished in three ways: (a) in vivo labeling of goat’s milk, (b) in vitro 
labeling of cow’s milk, and (c) addition of P** labeled bacteria, harvested from 
a P®? broth. They concluded that (a) with in vivo labeled milks, the rate of 
soil removal was greater than the rate of decrease in radioactivity, (b) with 
in vitro labeled milks, the rate of disappearance of radioactivity was greater 
than the rate of soil removal, and (c) when the radioactivity was confined to 
bacteria incorporated in the soil, the disappearance of radioactivity correlated 
well with the rate of soil removal. 

Because these results are at variance with results observed earlier in this 
laboratory, a closely controlled statistical study was set up to evaluate in vitro 
P%? additions for estimating soil deposits. 


METHODS AND PROCEDURE 


Preparation of soil films. Several of these methods have been described in 
detail elsewhere (7-10, 12). Briefly, in vitro labeled films were prepared by 
adding sufficient (one to two drops) P** phosphate solution to 100 ml. of ho- 
mogenized milk to give 8,000 to 20,000 counts per minute (¢.p.m.) per milliliter. 
Stainless steel test dises were forced into counterbored rubber stoppers, forming 
the bottoms of miniature vats. The stoppers were placed on a steam manifold, 
and 0.5 ee. of radioactive milk was placed on each dise and steamed to dryness. 
The dises were removed from the stoppers and allowed to stand overnight. The 
heavy, white opaque films prepared in this way appear typical of many en- 
countered in actual processing, particularly on heat exchange surfaces. 

Bacterial labeled films were prepared in the same manner, except as follows: 
A culture of Streptococcus cremoris was cultured 36 hr. in a nutrient broth 
containing ca. 2 me. P3*. The cells were harvested by centrifuging, washed twice 
in distilled water, and dispersed in homogenized milk. To demonstrate that the 
radioactivity of this milk was confined to the bacterial cells and that the unas- 
similated P? had been removed, a portion of the milk was subjected to cen- 
trifugation. When the bacterial cells were centrifuged out of this milk, the 
activity of the supernatant fluid was but slightly higher than the background 
count. The discs prepared from 0.5 ce. of bacterial labeled milk possessed 
activities of the order of 12,000-15,000 ¢.p.m. 

A quantity of C' in vivo labeled milk became available from another unrc- 
lated experiment, and a series of films was also prepared from this material. 
Because the in vivo milk as obtained possessed extremely high activity, it was 
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Fig. 1. Relationship between per cent soil removal and per cent weight removal for 
in vitro P*-labeled milk films. Re = 100,000; T=52°C.; t=10 see.; (OH) =.05 M. m= 
811; b= .925; r=.745. 


mixed with four volumes of homogenized milk, and 0.5-ce. aliquots of this mixed 
milk promptly used to prepare standard soil films. The activities of these films 
were of the order of 8,000 to 10,000 ¢.p.m., determined as detailed below. 

Determination of radioactivities. A thin-window (1.6 mg/em*) Geiger tube 
in a Tracerlab SC 9 E shielded manual sample changer was used to determine 
radioactivities of the in vitro and bacterial labeled milks. A Tracerlab SC 16 
windowless gas flow counter was utilized for C' labeled dises, to compensate for 
the lower energy of C™ 8 emission. Tracerlab’s SC 1000 scaler was used to 
record counts. All dises were counted for 1-min. periods. The per cent radio- 
activity removal was taken as 


net ¢.p.m., soiled dise—net ¢.p.m., cleaned dise 
<x 100. 





net ¢.p.m., soiled dise 


The counting rates of these test discs are sufficiently low that coincidence losses 
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are negligible. Consequently, the greatest error in count rate determinations 
would be expected to occur in the lower count samples. The lowest counts en- 
countered, even on those dises with the greatest radioactivity removal (60-70%), 
were about 3,000 ¢.p.m. The ratio of total counting rate to background counting 
rate was never less than 150. According to Ghelardi and Brown (4), an error 
not exceeding 1.7% could be expected when these lower-activity samples were 
counted for l-min. periods. For the majority of samples, which possessed higher 
counts due to higher initial activities or smaller percentages of soil removed, 
the probable error is still less. 

Determinations of soil removal. Test discs were cleaned manually with fine 
steel wool, subjected to ultrasonic cleaning, rinsed in distilled water, and 
weighed to 0.1 mg. Standard soil films were deposited on the dises, and the 
soiled dises allowed to stand overnight. They were reweighed to determine, to 
0.1 mg., the amount of soil deposit. After being subjected to circulation clean- 





10 


“ 
cou 


PERCENT RADIOACTIVITY REMOVED 
ve) 











Pa 
0% 5 os 
° r) 
25 ecb 
° ~ a 
as ° 
%% 25 50 75 100 


PERCENT WEIGHT REMOVED 


Fig. 2. Relationship’ between per cent soil removal and per cent weight removal for 
in vitro P™-labeled milk films. Re= 100,000; T=52°C.; t=20 see,; (OH-)=.05 M. m= 


955; b= 3.23; r=.735. 
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Fie. 3. Relationship between per cent soil removai and per cent weight removal for 
in vitro P*-labeled milk films. Re = 100,000; T=52°C.; t=30 see.; (OH-)=.1 M. m= 


.789; b=8.23; r=.776. 


ing, the discs were dried briefly in an oven. Dises were not dried to where 
browning occurred, but just enough so they demonstrated a weight gain at room 
temperature. They were allowed to stand overnight and reweighed. Per cent 
soil removal was taken as 
weight soiled dise—weight cleaned (circulation) disc 
weight soiled dise—weight clean (manual) dise 


x 100. 





Recirculating apparatus. This unit has been deseribed elsewhere (7, 8). An 
assembly holding 40 soiled test discs was slipped into a 4-ft. section of 114-in. 
glass pipe, and subjected to cleaning with sodium hydroxide solutions at 125, 
140, and 160° F., and a Reynolds number of 100,000, equivalent to a velocity 
of 5.34 ft/see in a 114-in. line. The apparatus contains a heat exchange coil, 
with steam and cold water connections, permitting close temperature control 


of the deterging medium. 
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Figures 1 through 6 illustrate the relationship between the per cent of the 
soil removed and the per cent of the radioactivity removed by various concen- 
trations of sodium hydroxide at several times and temperatures. Some scatter 
is apparent, but this is not atypical of data requiring statistical treatment. In 
each case, the slope is close to unity, and the coefficient of correlation is highly 
significant. Because close study of the data in Figures 1-6 gives no indication 
that any of these variables (time, temperature, or hydroxide ion concentration ) 
is more effective at removing radioactivity than weight (or vice versa), it would 
seem reasonable to combine all data into a single, more significant analysis. 
The formula for the best-fit line for Figure 7, cal- 
culated by the method of least squares, is y = 1.026 x — 1.986, and the coeffi- 


This was done in Figure 7. 


cient of correlation is 0.906. 

















100 
(a) 
Li 
3 
S 75; 
Liu 
oO 
_ 
ad oe 
= we o"ee 
Y so} °° 29800 ° 
oO oo 
Oo Ps s% 
- ~~ « * 
° ° 
be : ° 
GG 25} 
te 
oO 
Lij 
QO 
% 25 50 75 100 


PERCENT WEIGHT REMOVED 


Fig. 4. Relationship: between per cent soil removal and per cent weight removal for 


in vitro P*-labeled milk films. 
823; b= 6.65; r=.800. 


Re = 100,000; T=71°C.; t=10 sec.; 


n> 


(OH-) =.1 M. 
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Fig. 5. Relationship between per cent soil ramoval and per cent weight removal for 
in vitro P*-labeled milk films. Re = 100,000; T=71° C.; t=7.5 see.; (OH-)=.05 M. m= 


.930; b= 4.98; r=.791. 


The fact that these data do not agree with the work of other investigators 
(14) might be explained, wholly or in part, by the difference in the nature of 
the soil films used. In an attempt to develop a standard soil film with character- 
istics similar to some encountered in commercial processing, this and previous 
work in this laboratory used films composed of milk steamed just to dryness, 
yielding heavy, white opaque films which in later work have been allowed to 
equilibrate overnight. Peters and Calbert (14), on the other hand, were pre- 
sumably influenced by the desirability of a film of reproducible weight charac- 
teristics. Their films consisted of 0.1 ml. of milk spread over a dise 1 in. in 
diameter, dried, uniformly browned in an oven, and weighed (13). 

Most workers concerned with rapid solids tests have long since concluded 
that milk solids can not be dried to constant weight. Before all free water has 
been removed, some bound water, which is an integral part of certain milk con- 
stituents, disappears. The chemical composition of films that have been browned 
and dried to even a near constant weight is almost surely different from the 
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white films obtained by steam drying. It is probable that these films would ex- 
hibit different characteristics and show variations in the kinetics of their re- 
moval. Too, the use of films prepared from only 0.1 ml. of milk (13) would 
vive initial soil films of the order of 13 mg. distributed over a stainless steel 
test dise 1 in. in diameter. It would seem that even if results of tests from 
studies of the cleaning phenomenon did not possess an inherent scatter that 
required statistical treatment, the possibility of errors in dehydration, rehydra- 
tion, and the determination of relatively low weights of milk solids on much 
greater masses of metal would in itself make it desirable to use a large number 
of samples. 

Results of the C'™ in vivo milk films consistently showed slightly higher 
count rates after cleaning, but this phenomenon is not inexplicable. Soil films 
prepared as detailed above would not be expected to be homogeneous. That 
surface exposed to the air would be especially rich in the more surface active 
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in vitro P™-labeled milk films. Re = 100,000; T=71°C.; t=10 see.; (OH-)=.05 M. m= 
754; b=12.4; r=.777. 





W. G. JENNINGS 














266 
100 

¢ .O5M NaOH, 52°C., 10 seconds 

° .O5M NaOH, 52°C., 20seconds 
& 2 0.1M NaOH, 52°C., 30seconds 
5 a 0.1M NaOH, 7I°C, |O seconds 
3575+ + .05M NaOh, 7I°C., 7.5 seconds 
aw x -O5M NaOH, 7I°C., |Oseconds 
> ox * ? 
= a” 
> +o ie ar a 
mi anu + 
O50 a ° 
<q gee cS 
S r) o Na 
<q o's a0 ‘ 

hy 
o eae rs 
° . ° 
jon . ‘a me) a 
225} 1 otkee 
uJ ~~ 
OO ° 7 
a site. 
uJ a ¢ 
a he Oe 
Oo fie rn rn 
fe) 25 50 75 100 


PERCENT WEIGHT REMOVED 


Fig. 7. Relationship between per cent soil removal and per cent weight removal for 
in vitro P™-labeled milk films. Combined data. m=1.03; b=—1.99; r= .906. 


materials, probably various proteins. Because the energy of C'* 8 emission is 
quite weak (0.158 mev. for C', compared to 1.71 for P%*), this uppermost 
layer would, while contributing radiation energy to the sensing device, also 
function as a shield and absorb an appreciable percentage of the radiation from 
the lower strata. The C1*-labeled milk utilized was prepared by a jugular vein 
infusion of C' propionate. Results of a similar experiment indicated that at 
peak activity, the C' activity of milk from such infusions is not uniformly 
distributed, but that fat and proteins have lower activities than lactose and 
citrate (12). Proteins, due to their higher surface activity, are probably largely 
situated at the upper surface of the test soils, and would be expected to be 
relatively low in C'*. These upper layers would be the first removed by the 
washing process, exposing unshielded strata relatively richer in C** and giving 
counts that were higher than the initial ones. These data demonstrate that 
C'4labeled milk prepared by intravenous injection of C** propionate is not 
satisfactory as a label for films prepared in this manner. 
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Fig. 8. The relationship between per cent soil removal and per cent weight removal for 
P* bacterial-labeled milk films. Re = 100,000, .05 M NaOH, 52° C., 10 see. 


When the radioactivity was, in effect, pelletized by confining it to bacterial 
cells, the results illustrated in Figure 8 were obtained. 

Again, some degree of scatter is apparent. There are indications that within 
the limited range investigated, i.e., up to 20% soil removal, the decrease in 
radioactivity is somewhat greater than the decrease in soil. It is possible that 
with the type of films used by Peters and Calbert, the bacterial labeling tech- 
nique might prove more satisfactory. For investigations using soil films of the 
type used in this laboratory, the use of in vitro radioactive phosphorus as a 
tracer offers the advantages of ease, simplicity, and an extremely high correla- 
tion between the per cent soil removed and the per cent radioactivity removed. 
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ANALYSIS OF DEVIATIONS OF DAIRY RECORDS FROM 
DIFFERENT CONTEMPORARY AVERAGES 


L. D. VAN VLECK, T. HEIDHUES, ann C. R. HENDERSON 
Department of Animal Husbandry, Cornell University, Ithaca, New York 


SUMMARY 


Many investigators have expressed dairy records as deviations from various contempo- 
rary averages because of the computational difficulties of analvzing large numbers of 
records according to complex models. The expectations of the sums of squares and cross 
products of deviations from four contemporary averages in one-way classification 
analyses were determined in terms of a more complex model. The expectations were then 
compared with estimates obtained from the analysis of 59,902 milk and fat records of 
cows sired by 353 Holstein sires used in artificial insemination. The agreement between 
the theoretical and actual results was very close, which indicates the validity of the 
assumptions and models used. 





The accumulation of large numbers of dairy records and the relative diffi- 
culty of analyzing these data according to complex models have led many 
investigators (2, 3, 6, 8, 9) to express records as deviations from some function 
of contemporary averages. These deviations are then analyzed according to 
simpler models. The purpose of this study was to determine the expected 
values of sums of squares and cross products of these deviations in a one-way 
classification analysis in terms of a more complex model. These expectations 
were then compared with analyses of actual data expressed as deviations. 


THEORETICAL CONSIDERATIONS 


The underlying model was assumed to be: 
Yijx = we + hi + 8; + Ciix (1) 


where Yj;x is the record of the k™ daughter of the i sire in the i™ herd-year- 
season, 
m is the fixed underlying population mean (5-yr. breed-season average), 
h; is the effect due to the i‘ herd-year-season, 
s; 1s the effect due to the j™ sire, and 
€ijk 1S a random error associated with the ijk™ record. 
The hi, sj, and e;;, are assumed to be independent and to have zero means and 
variances o}, o2, and o:, respectively. 


The four sets of deviations considered were the deviations from regressed 
adjusted stablemate averages (d;,), adjusted stablemate averages (djx), stable- 
mate averages (d;,), and herd averages (d;,). The stablemate average was com- 
puted as the average of all records made in a herd-year-season, excluding the 
record of the cow. The herd average includes the record of the cow. In terms 
of the model (1) the stablemate average, SA, may be written as: 
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where nj, is the number of stablemates associated with the k"" observation 
e ° «th ° 
within the j"" sire group. 


The herd average, HA, similarly may be written as: 





Nix Nik 
8; + Ls, Cx + Leirm 3 
‘ =1 r=1 J 
HA =ut+h + + nee 
Nik + 1 Nik + 1 
, 
ie ‘ . nroA+tu . 
[he adjusted stablemate average is —~— a and the regressed adjusted 
"i Njk 
; noA + pw “x ’ 
stablemate average is b +] where x is the five-year breed season average : 
Nik 
° . . ° . mr 5 
and b is the regression of a record on its adjusted stablemate average. The ; 
latter two contemporary averages were proposed by Henderson et al. (4) and 1 
. . . { 
have been discussed by Heidhues et al. (2). i 
mn . . ° e ° ° —— 5 
The four sets of deviations can now be expressed in terms of the original 
4 
model as: i 
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ANALYSES OF DAIRY RECORDS 


The model with the most desirable properties for ranking sires will be 
chosen in any practical application. One property which seems desirable is 
unbiasedness. Among the class of unbiased estimators the estimator with the 
smallest variance would be considered to be the best of the set of estimators. 

A ranking of sires would be based on the average of records of progeny. 


The ranking of the j - sire then would depend on dedi./D; where n; is the num- 
ber of progeny in eee ji” sire group. 

If, for purposes of Brevi the s; are considered to be fixed effects it can be 
seen that the expected values of the sire averages, d;., for the four models are: 


E (d;.) = (1—b)u +5; 


E (d;) 


Il 
™ 


E (d;’) 


sj, and 


Il 


reer 





E (dj. 


' (1 a nj 1 (The symbol E signifies 


———— }§;. : : 
kn Nyx + 1 mathematical expectation.) 


The first three procedures give unbiased rankings of sire effects. The fourth 
is biased by a factor which depends on the number of stablemates. If this bias 
were constant the ranking would not change (see Procedure 1). The bias will 
be constant for Procedure Four only if the n;’s and n;,’s are the same for each 
sire, i.e., nj=p, and nj, =n. 

The variances of these deviations are: 


(1- Pee oh (1+ 7) +08), 


V (dix) Nyx + 1 (njx + 


oe (ef ] = ; 2 , Njk ) 2 2 
(djx) Pan (= +1 Jot “i (1 = (nix 4. 1)? (a5 = Ge); 


a) = (Met! 


Vv (a) -) (03 +02), and 


Njk 


weer Njk 3 2 
” (dix ) = (— Pe (o; +.). 
: Njk + 1 P ’ 


Ae. & , ; : : F 
> (o, +0.) the relative sizes of the variances for any particular 
set of nj, and b are: 


. 2 
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bnjx |e 2 
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V (diz) (tat) (o2 + 02), and 


Njk 


- we Njk — 9 
V (dix) = ( ——- } (6, + a2). 
( J ) Dik + 1 "8 e, 
The average number of stablemates in a herd-year-season in New York is 
about 10. The value of 6 as computed by Henderson (3) is 0.85. If these values 
P ° : — 2 2 
are substituted into the equations the coefficients of (¢;+-0.) are 


V (djx) = 1.077 (0: + 02), 


V (dix) = 1.085 (03 + oe), 


wr 


V (djx) 


1.100 (6: + 02), and 


one 


V (dix ) .909 (0; + 0°). 


The smallest variance of a deviation is given by the fourth procedure. This, 
however, is the only procedure which gives a biased estimate of rank. Since 


° A ~ . Njk A . ; , 
the bias in Method Four is (— —~*) an unbiased estimate may be obtained 


meee (math 


by multiplying each observation by the reciprocal of the bias 
jk 


Then, the variance of this deviation is the same as that for Procedure Three, 
i.e., V ( net LA dix) = (tas* (0, + 02). 

In the class of the four unbiased ranking procedures the smallest variance 
is given by the deviations from regressed adjusted stablemate averages. Thus, 
it is apparent that this procedure is the best of the four considered. 

The models which are ordinarily assumed when the deviations are analyzed 
according to the one-way classification model are: 


' ae 
dix =u +3; + ex, 


, 


” , 7 7 
dx. =m +3; + ejx, 


wr 


err “a? sa? 
dx =u +8; + .ejx, and 


er ser wr 


dx =u +s; +e, where the s; are random sire effects and 


the e;, are random error effects. 


The sums of squares normally computed for analyses of this type are the 


> 
o ey s qd; 
. 2 j. 
total sum of squares, }> }odjx, the class sum of squares, }> ——, and the cor- 
2 j=l k=l j=1 Nj 


. Re : cae ; 
rection factor —~. The dot notation signifies summation over that subscript, 

° 4 ° ° -th ° ° ° 
n; is the number of observations in the j"' sire group, s is the number of sires, 


and N is the total number of observations. 
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To measure the relationship between the components s;, s; , 8; , and s;, and 
between the components ejx, @jx, @;x, and ej, the components of variance and 
covariance for these models may be computed. The sets of cross products required 
are of the form 

s on - ae ad ‘ow 
bo dixdjx, > L's and Ss ~, 
j=1 k=1 j=l 1j N 

The following assumptions were made to simplify the expectations of these 
ten sets of sums of squares and cross products: 

(1) Each observation is from a different herd-year-season, i.e., a herd ap- 

pears only once in an analysis. 

(2) No sire included as a sire group appears as a sire of any stablemate. 

(3) No sire is the sire of more than one stablemate, i.e., nj, different sires 

are sires of the stablemates of an observation. 


Obviously, these assumptions do not strictly hold in practice, but the error 
involved by making them will be small. 

As a further simplification in obtaining the expected values the equal num- 
bers case was considered — all n;=p and all nj,=n. Note that N =sp. 

The expectations of the sums of squares for the four simple models in terms 
of the original model are given in Table 1. Table 2 gives the expectations of 
the six sets of the cross products between the four simplified models. 

The expectations of the estimates of the variance and covariance com- 
ponents of the simpler models in terms of the original model are: (The nota- 
tion is changed slightly here. The subscript 1, 2, 3, 4’s correspond to the 
primes used previously.) 
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These expectations of estimates of variance and covariance components show 
the effect of using the deviations from a function of contemporary averages, 
when these deviations are analyzed as a one-way classification problem and 
when the actual underlying effects are twofold, i.e., herd-year-season and sire 
effects. Some of the estimates of o2 have expectations greater than o, whereas 
others have lower expectations. All estimates of o: are biased. Some contain a 
portion of the herd variance and all contain part of the sire variance. The 
coefficient of o2 is unity only in the case of Eée,,. All the estimates of o: ex- 
cept those associated with Procedure Four give unbiased estimates of the sire 
variance. The latter estimates contain only sire variance, with a coefficient 
which depends on stablemate numbers. These estimates would be easily cor- 
rected to make them unbiased by dividing through by the reciprocal of the 
coefficient. 

It is easy to see that the expected correlations between the sire components 
of the simpler models are all 1.00. For example: 

n 
n+l” 


9 
8s 


s,s, = = 1.00. 


4 





| e-¢ ny 
™ easy 





Sie ee 





msn op cle ato aa ds Sacer thee ER AS 


Guat 





abana CS, 








Fo Pte 


~ 


er Ge 








Para dei ee i hip Basic: 


Se Oe eT ee ey 


sai ll as gel ta Dalal eR tl ii cali k 


PPeCey a eee 








ANALYSES OF DAIRY 





TABLE 1 


RECORDS 


Expectations of the sums of squares of four sets of deviations 
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The correlations between the random error components are slightly more 
complex, but could be cz alculated for particular values of n, s, and p if o}, and o2 


are known. 


If it is possible to make the same assumptions as before ( 
number of progeny per sire is not p but n;, and if the number stablemates 
per observation is n;, instead of n, the expectations of the usual sums of squares 
for the model using deviations from stablemate averages are as given in Table 3. 

These expectations agree with those obtained previously for dj,, as can be 


seen by substituting p for n; and n for njx. 
numbers procedure probably would be used. 


more complicated but certainly are not difficult. 


Single 305-day M.E. 


These records were in the Dairy Records Processing Laboratory 


New York. 
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In actual practice, the unequal 
The expectations are slightly 


milk and fat records of 59,902 cows sired by 353 
Holstein bulls used in artificial insemination were included in the analysis. 
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TABLE 3 


Expectations of sums of squares of deviations from stablemate averages—nj progeny per sire 
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and ni stablemates per observation—total number of observations = 5 nj = N 
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The sums of squares described previously were computed for the four 
simplified models. The sums of cross products between the four models were 


also calculated. 


The variance and covariance estimates were obtained as described before. 
Unequal numbers of daughter records per sire group were considered in ob- 


taining the estimates. 


TABLE 4 


Estimates of variance and covariance components* 


These estimates are given in Table 4. 








Component Milk Fat Component Milk Fat 
Se, 46,842 6,030 es, 2,701 352 
&, 47,179 6,055 oy 2,606 333 
&, 48,864 6,265 o, 2,566 325 
5, 39,452 5,038 oi, 2,098 265 
ae 46,754 6,006 Din 2,647 341 
Gores 46,772 5,997 - 2,615 335 
= 42,019 5,376 i. 2,365 302 
die 47,599 6,103 Fase 2,583 328 
= 42,719 5,465 Binns 2,335 296 
Fexes 43,582 5,576 Fags 2,320 293 





* Milk components should be multiplied by 100. 


An estimate of the variance ratio, h, frequently referred to as heritability 
san be obtained by multiplying the paternal half-sib correlation coefficient by 


465 


four, i.e., h=— : 
e + a 


0.20, and 0.20 for both milk and fat production. 

Estimates of the genetic correlation and phenotypic correlation between 
milk and fat production may also be obtained from a paternal half-sib analysis. 
If milk production is denoted by M and fat production by F the genetic corre- 
lation is estimated by Hazel (1) as 


The estimates for the four models are then 0.22, 0.21, 
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where o, |, is the covariance between the sire effects of the models for fat and 
milk production and (iW a) are the sire variance components for milk and 
-— Cn Oo 


; Ty Ty 

ae is, 
is the total covariance between milk and fat and (3. a+.) are the total variances 
of milk and fat. The genetic correlation estimate between milk and fat was 0.84 
and the estimated phenotypic correlation was 0.88 for the method which uses 
deviations from regressed adjusted stablemate averages. These estimates agree 
closely with those obtained by other investigators (5) and (7) for actual 
M.E. records. 

As was shown earlier, the expected correlations between the sire components 
of the different models for the equal numbers case were all 1.00. If these 
correlations are computed from the components listed in Table 3 they are seen 
to range from 0.99 to 1.00. Similarly, the error components have estimated 
correlations ranging from 0.98 to 1.00 for both milk and fat. These results 
verify their theoretical expectations. 

In the analysis of actual data b was 0.85, n was estimated to average 10, 
s was 353, and the average number of progeny per sire, p, was 170. If these 
values are substituted into the expected values of the sire and error variance 
and covariance components, unbiased estimates of 2 and o; can be obtained ex- 
cept where the expectations contain o,. These estimates are given in Table 5. 


fat. The phenotypic correlation is similarly given by 


TABLE 5 


Estimates of o2 and o; obtained by substituting actual values of b, n, and p into the expectations 
of 62, and 62, and equating these to the estimated values* 








Component Milk Fat Component Milk Fat 
ea aes nie 5, 2,701 ‘ 362 
Se oe are Se 2,606 333 
ol 44,185 5,665 } a 2,566 325 
&, 43,166 5,512 5, 2,538 321 
ee wwe Sin 2,647 341 
Sines 43,228 5,543 a 2,615 335 
4... 42,716 5,466 , 2,601 332 
4. 43,398 5,567 a. 2,583 328 
a 42,863 5,484 Faas 2,568 326 
i. 43,350 5,541 or 2,551 322 





® The missing values in the Table are associated with estimates whose expectations include o?. 


The corrected estimates now appear to be nearly the same. This gives 
further credence to the models and assumptions used. 

Estimates of the total variances of the four models are given by 6:+4:. 
It is possible to compare the ratios of the theoretical variances with the ratios 
of the estimated variances. These are given in Table 6. As can be seen they 
agree very closely. , 
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TABLE 6 


Ratios of total variances of four methods of analyzing deviations—theoretical and actual 











Ratio of 





eatid aenheeen Theoretical Actual 
61,/¢%, 0.9926 0.9951 
61,/ét, 0.9790 0.9633 
o7,/67, 1.1848 1.1924 
&1,/6%, 0.9863 0.9680 
&1,/é%, 1.1936 1.1982 
&7,/ 64 1.2101 1.2378 





CONCLUSIONS 


Procedures expressing records as deviations may be used for the analysis 
of dairy production data. The purpose of the analysis, however, must be 
carefully considered. For the estimation of a sire’s breeding value relative to 
other sires the procedure should give an unbiased estimate of the correct rank. 
If the estimate is biased it should be corrected if possible. Among unbiased 
estimators the best procedure would be the one with the smallest sampling 
variance. The procedure of the four studied, which gives unbiased estimates 
for ranking purposes and which has the smallest variance, is the one which ex- 
presses records as deviations from their regressed adjusted stablemate averages. 

If unbiased estimates of sire and error variance components are desired, then 
it is necessary to take expectations of these estimates, taking into consideration 
the underlying model. The methods which express records as deviations from 
stablemate averages and from herd averages both can give unbiased estimates 
of o, and o.. The other procedures include herd variance in the estimates. 

A necessary conclusion is that any investigator who plans to analyze devia- 
tions should understand the expectations and assumptions necessary. Many 
other problems, such as estimating repeatability and heritability by various 
methods, may be approached similarly. The steps to follow are: 

(a)yWrite the supposed underlying model; (b) write the model for the 
deviations based on the underlying model; (c) take expectations of the 
functions of the data used in estimation, considering the effect of any 
necessary simplifying assumptions; (d) determine what has been estimated 
and, if possible, equate these expectations to the calculated values. Solve 
for the unknown quantities. 
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PART LACTATIONS. Il. GENETIC AND PHENOTYPIC STUDIES 
OF MONTHLY MILK FAT YIELD 


8. R. SEARLE 


New Zealand Dairy Board, Wellington, and Department of Animal Husbandry, 
Cornell University, Ithaca, New York 


SUMMARY 


Monthly milk fat yields have been analyzed to obtain estimates of heritability, repeat- 
ability, genetic and phenotypic correlations. Generally speaking, the heritability estimates 
decrease and the repeatability estimates increase as lactation progresses. The differences 
between cows other than additive genetic effects, therefore, appear to affect production 
more in late lactation than in early lactation. Estimates of the genetie correlation of 
monthly yield with lactation yield show approximately the same trend over the lactation 
as the heritability estimates—an increase up to the third month and then a general decline. 
This indicates that in addition to environment playing an increasingly more important 
role in determining production as lactation progresses, the sets of genes determining 
total yield and end-of-lactation yield are not altogether the same. Genetic correlations 
estimated among monthly yields are higher among early months of lactation than among 
the later months, and also higher than the correlations between early and late months. 
The estimated sampling errors of these estimates are very high, in the order of 0.20, 
indieating that considerably more data than the available 2,500 daughter-dam pairs are 
needed for satisfactory estimation of these parameters. 





The general trend of monthly milk fat production in dairy cows throughout 
a lactation is well known (4). Few estimates, however, have been reported of 
the genetic characteristics of the individual monthly yields, and little seems to 
be known of relationships between them. These are of special interest in New 
Zealand, where dairy farming is seasonal in nature. Most cows calve in July 
and August, the early spring months of the year, and are milked through the 
summer on pasture and silage until April or May, although drying-off may 
occur earlier in areas of local drought, and in some instances a herd is dried off 
100% when feed becomes short. 

Gaines (3) estimated repeatabilities (as correlations between successive 
lactations) of progressive accumulations of monthly yields starting from the 
first, for 939 Guernsey cows. These increased steadily as the accumulation ex- 
tended through the complete lactation, the increase being more rapid for milk 
fat per cent than for milk fat yield. Similar correlations have also been reported 
by Rendel et al. (14) for milk yield in the first 70 days of lactation ; heritability 
of 70-day milk was also estimated, as 0.36 in the first lactation and 0.09 in the 
second lactation. Mahadevan (10) studied 180-day milk yield using similar 
analyses. Madden et al. (9) estimated repeatabilities of monthly milk and milk 
fat yields, from 599 records of 253 Holstein cows in one herd. Heritabilities 
were estimated from 157 daughter-dam pairs and genetic correlations with 
lactation yield from 154 pairs. The decreasing tendency of the repeatability 
and heritability estimates of single months as lactation progresses, indicated 
the increasing effects of environment towards the end of lactation. Most of the 
genetic correlation estimates were greater than 1.00, suggesting a similarity 
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between the genes affecting production in early lactation and those determin- 
ing production at the end of lactation. 

Analyses such as these are required for considering the possibility of selec- 
tion procedures alternative to using lactation yield, a possibility that holds 
great importance in New Zealand’s seasonal pattern of dairy farming. This 
paper reports estimates of genetic and phenotypic parameters pertaining to 
monthly milk fat yields; their application to alternative selection methods will 
be reported subsequently. 

DATA AND METHODS 

Monthly production figures were available for 31,151 lactations in the dairy- 
ing seasons 1956-1957 and 1957-1958. Factors were applied to each month’s 
records to correct for age of the cow and its first month on test, this being 
August, September, or October. Details of these corrections are given in Searle 
(19), wherein is contained a full account of the data. The records were dealt 
with on a lactation month basis after correction, i.e., first month of lactation, 
second month, and so on, regardless of first month on test and actual calendar 
month. Lactation yields were corrected for age only, and each record had its 
cow and herd identified as well as the cow’s sire (if a bull used in artificial 
breeding) and the cow’s dam (if milked in the same herd in the same year). 
This allowed extraction of data for estimating heritabilities, genetic correla- 
tions and repeatabilities. 

Within-herd analyses were made using Method 1 of Henderson (6) for 
estimating the relevant within- and between-herd variance and covariance com- 
ponents. The number of records is not uniform for each month because not all 
cows milked for 10 mo., and only those having a record in a particular month 
entered any analysis of that month. All computing was done on an electronic 
computer, an IBM 650, kindly made available through the Dairy Records Proc- 
essing Center of the Animal Husbandry Department of Cornell University. 
Most analyses were run more than once and estimates obtained for all 10 mo. of 
the study, but in some instances this was not possible and estimates are not 
available for some of the months. The tables of results show the notation not 
estimated in these cases. 

VARIATION WITHIN HERDS 

The 1956-1957 data (15,170 cows in 258 herds) were used for estimating 
within-herd variance components of fat yield and fat per cent and the pheno- 
typie correlations between them. These estimates and the means are shown in 
Table 1. 

The mean lactation milk fat yield is 343 lb., the within-herd standard devia- 
tion being \/ 4200 = 65 lb. ; and the mean milk fat per cent is 5.3, with a standard 
deviation of 0.5. The fraction of the total variation due to herd differences 
is 830% for milk fat yield and 10% for milk fat per cent, values similar to 
those reported by other workers (2, 12, 16). 

The means of the monthly milk fat yields are less than those given by 
Madden et al. (9), but the coefficients of variation are similar, being fairly 
constant at 20% for the first 6 mo. of lactation and rising to 35% in the tenth 











TABLE 1 


Means, variance components and phenotypic correlations 





Ystimated variance 
components 


Milk fat Milk fat 
yield per cent 
- - yrinipanas - Pheno- 
Be- With- Be- With-  typie 


Means 
Month 


of No. of Fat Fat tween in tween in corre- 
lactation Cows Herds (lb.) (%) herd herd herd herd lation” 





1st 15,170 258 41 m. 29 74 05 47 51 
2nd 15,170 258 43 Af 32 78 .04 AT AT 
3rd 15,170 258 45 5. 25 82 05 50 42 
4th 15,153 258 44 5.3 19 74 05 48 30 
5th 15,153 258 42 5. 20 69 .05 51 36 
6th 14,858 258 38 5 20 65 05 .60 
7th 14,498 258 3% N.E.’ 20 55 Not estimated 
Sth 13,506 258 é . 20 58 10 92 .24 
9th 10,300 249 25 N.E." 16 62 Not estimated 
10th 4,242 192 2 5.e 19 53 25 1.02 23 
Lactation 
yield 


* Not estimated. . ; 
> Estimated within-herd phenotypic correlation between milk fat yield and milk fat 


per cent. 


15,170 258 34% 5.E 1,730 4,200 .03 27 26 





month. The within-herd standard deviation of monthly milk fat yield ranges 
from \/53 = 7.3 lb. (tenth month) to \/82 = 9.1 Ib. (third month), an over-all 
estimate (weighted by degrees of freedom) being 8.3 lb. The corresponding 
weighted mean for the standard deviation of monthly milk fat per cent is 0.8%. 

The magnitude of herd differences is reflected in the between-herd variance 
components, which for milk fat yields are greater in the first 3 mo. of lactation 
than in later months, Bartlett’s test for the homogeneity of variances (1) re- 
vealing no significant differences after the third month. This higher variation 
in early lactation is possibly a reflection of the effects of different management 
practices and environmental conditions on the wintering of stock and the con- 
dition in which they are brought to calving. The between-herd components for 
milk fat per cent following an opposite trend—they appear constant over the 
first 6 mo., with a tendency to increase towards the end of lactation. 

The phenotypic correlations between yield and per cent are shown in the 
last column of Table 1. The value for lactation yield is 0.26, which is nearly 
twice as large as the 0.15 reported by Tabler and Touchberry (20). The cor- 
relations for the monthly records start at 0.51 in the first month and decrease 
fairly steadily to 0.23 in the tenth month. The standard errors for these esti- 
mates range from 0.008 for the first 3 mo., to 0.016 for the tenth month. The 
correlation is, therefore, significantly higher in the early months of lactation 
than it is for lactation yield, and it declines steadily throughout lactation. 

Sampling variances and covariances of the variance component estimates 
have been estimated from the expressions given in Searle (17). The sampling 
variance of the within-herd variance component for lactation yield, namely 
4,200, is 2,413. The standard error is, therefore, 50, giving a 95% confidence 
interval of 4,100 to 4,300. Although the variance components for the monthly 
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TABLE 2 
Sampling errors of variance component estimates 





Variance estimate and 
standard error 








Components 
and Lactation Monthly 
Variable correlation yield yields 
Milk fat yield Between herds 1,730 + 330 333 
Within herds 4,200 + 50 69 +1 
Sampling correlation .005 .006 
Milk fat (%) Between herds .03 += .004 .05 = .005 
Within herds .27 + .003 .58 + .005 
Sampling correlation .015 017 





yields differ significantly, it is of practical value to have pooled estimates for 
monthly production in general. These, and their approximate standard errors, 
are shown in Table 2. The sampling correlation between the estimates is de- 
rived from the sampling covariances estimated from the methods in (17). It 
is small in all cases, indicating that the two components (between and within 
herds) are essentially independent from a sampling point of view; that in 
repeated samples of this nature the magnitude of the within-herd estimates 
would be independent of that of the between-herd estimates. 


PHENOTYPIC CORRELATIONS 

Phenotypic correlations among monthly milk fat yields, and between 
individual monthly yields and lactation yield, were estimated from the 
1956-1957 data. The results are shown in Table 3. The correlation of each 
monthly yield with lactation yield is shown in the last row of the table. It is 
0.57 in the first month, increases to 0.76 in the fifth month, and decreases to 
0.55 in the tenth month. 

The correlations among the monthly milk fat yields decrease steadily as 
the number of months between a pair of records increases. This trend accounts 
for the correlations decreasing along each row of the table and for their in- 
creasing down each column. The sampling error of these estimates is approxi- 


TABLE 3 
Phenotypic correlations among monthly milk fat yields and of monthly yield with 
lactation yield 





Month 7 

















r Month of lactation 

Oo —— = — 

lactation 1st 2nd 3rd 4th 5th 6th 7th Sth 9th 10th 
lst ol 43 41 38 32 .26 23 18 14 
2nd 7 54 51 42 15) .30 24 -20 
3rd 62 58 50 44 36 31 .24 
4th .67 59 52 44 40 31 
5th .66 56 49 44 35 
6th .62 53 48 41 
7th 59 52 44 
8th .65 49 
9th 65 

Lactation yield 7 .63 .69 75 .76 4 .70 .66 .64 55 
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TABLE 4 
Mean milk fat yields (lactation and monthly) of the cows tested in each month 


— Means of records 


in lae- Month of lactation . 
tation Lactation 


month Ist 2nd 3rd 4th 5th 6th 7th 8sth 9th 10th yield 


41 43 45 44 344 

41 43 45 44 42 345 

41 43 46 45 43 38 347 

41 43 46 45 43 39 3s 350 

42 43 46 45 43 39 oe y 356 

9 42 44 47 46 44 40 , 23 25 367 
10 42 44 47 47 45 41 3i 3 2 2 381 


mately 0.01, except for those of the tenth month, where it is 0.02. The differences 
in the estimates from month to month are, therefore, significant, and the de- 
cline in values as lactation progresses indicates a lower degree of relationship 
between monthly yields for months widely apart than for those close together. 

There were fewer records in the later months of lactation than in the early 
months, because not all cows milked for 10 mo. The mean monthly and lacta- 
tion yields for the cows in milk each month are shown in Table 4. Since all 
lactations in the study are at least 100 days in length, the Table is for all cows 
tested in the fourth and following months. The rows of the Table are not 
independent of each other; for example, the second row is of means for all 
the cows tested in the fifth month, which includes all those tested in the sixth 
month (third row) as well as those tested for the last time in the fifth month. 
[Table 9 of (19) shows means for the cows grouped according to number of 
months on test, indicating that longer-milking cows generally have the higher 
monthly yields. This is borne out in Table 4.] The numbers of records in the 
means of Table 4 are given in Table 1. Corresponding to the means is Table 5, 
which shows the within-herd variance components for these records. 

All records in these studies have been corrected for age and first month on 
test, so that the effects of late calving (corresponding approximately to starting 
on test in September or October) have been removed, and the yields are being 
compared on a lactation month basis. Tables 4 and 5 indicate the degree to 
which high-yielding cows had longer lactations, the means rising and the 


TABLE 5 
Within-herd variance components of yearly and monthly records of the cows tested each month 





All cows Variances of records 
tested sa Soe Rig: 0 pater cl 


in lae- Month of lactation 
tation —__—____— - $$$ Lactation 
month 3 2nd 3rd 4th Sth 6th 7th 8th 9th 10th yield 
78 3 4200 
75 7 j 65 36 3700 
74 5 36 61 5 55 3400 
71 7 Be 59 58 3100 
55 
55 5 48 
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variances falling as the number of months tested increases. For example, the 
mean of the fourth month yield of the cows having a ninth month production 
is 46 compared to 44 for all fourth-month records, and the variance is 60 com- 
pared to 74. The correlations in Table 3 include these effects, but since most 
cows in the study milked for at least 7 mo. (96%) they are of importance only 
in the eigthth, ninth, and tenth months of lactation. The results do not apply 
o all cows in the study but only to those which milked into the month concerned ; 
therefore, for example, the phenotypic correlation between first and tenth month 
yields is estimated as 0.14, for the cows having a tenth-month yield; and these 
constituted 28% of the sample. 


REPEATABILITIES 

Repeatability estimates were obtained from the cows that had records in 
both seasons (1956-1957 and 1957-1958), using estimates of within-herd vari- 
ance and covariance components of the 2 yr.’s records. Two estimators of re- 
peatability were used, the correlation between the records, and the regression 
of the 1957-1958 record on the 1956-1957 record. The difference between 
them is that the regression estimator is unbiased by the culling that has 
occurred on the 1956-1957 records, whereas the correlation estimator is biased 
by the effects of this culling. The estimates are shown in Table 6. 

The regression estimates exceed the correlation ones in all cases, because 
the within-herd variance component of 1957-1958 records exceeded that of 
1956-1957. For example, this component for lactation yield is 5,490 for the 
1957-1958 records compared to 3,570 for the 1956-1957 records (less than 4,200 
estimated from all 1956-1957 records). This accounts for the correlation esti- 
mate, 0.60, being 80% (= 3570/5490) of the regression estimate 0.75. The 
reason for these differences is difficult to understand except that the second 
year, 1957-1958, was one of generally higher production than 1956-1957. This 
seasonal difference has also been noted by Moxley (11). It did not arise in the 


TABLE 6 


Repeatability of milk fat yield and milk fat per cent for cows having records in 
1956-1957 and 1957-1958 





Estimates of repeatability 





Milk fat yield Milk fat per cent 





No. of i —— 

Month cows Corre- Regres- Corre- Regres- 
of in 140 lation sion lation sion 

lactation herds estimate estimate estimate estimate 


5,785 .36 39 32 32 
2nd 5,785 38 43 37 39 
3rd 5,785 44 49 46 48 
4th 5,773 46 53 54 57 
5th 5,730 AT 52 55 58 
6th 5,664 45 52 49 49 
7th Not estimated 
Sth 5,056 45 58 . .39 
9th Not estimated 
10th 865 (9lherds) .52 61 O2 56 
Lactation yield 5,785 .60 75 r 86 
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milk fat per cent records, the variance component estimates being 0.26 for 
1956-1957 and 0.28 for 1957-1958 in the repeatability analysis, compared to 
0.27 for all 1956-1957 data. 

The repeatability of lactation yield estimated as a correlation is 0.60, the 
same as that reported by Castle and Searle (2), using records over 4 yr. The 
unbiased regression estimate is higher, and if repeatability is, in fact, as high 
as this, the suggestion of progeny-testing on first records only would be strength- 
ened. Estimates reported by other workers (8, 14) tend to be less than those 
obtained in New Zealand. 

The estimates for monthly milk fat yield have a standard error of approxi- 
mately 0.01 and are less than those for lactation yield. The trend is for re- 
peatability to increase as lactation progresses, possibly levelling off at the fourth 
or fifth month. (The estimates for the tenth month of lactation are higher than 
those of earlier months, but they are based on considerably fewer data.) The 
lower repeatabilities in the first 2 mo. may be a reflection of the number of days 
from calving to first testing day, which could markedly affect the production 
estimated for the first month. For example, cows first tested a week after calving 
in 1 yr. and 5 wk. after calving the next year, would probably have a lower 
repeatability of first month’s production than cows first tested the same number 
of days after calving in both years. 

The trend in these repeatability estimates is opposite to that observed in 
the estimates obtained by Madden et al. (9), which decrease steadily after the 
second month. The increasing trend is in agreement with Gaines (3), whose 
estimates for progressive accumulations of monthly yields, starting from the 
first, increased steadily as the accumulation extended through the lactation. 

Table 6 also shows repeatability estimates of milk fat per cent. Those for 
the whole lactation are greater than the results reported by Rendel et al. (14), 
whereas those for the monthly figures increase in the same way as for butterfat 
yield. 

Repeatability estimates were also obtained for the milk fat yield of cows 
of the same age, and hence, under New Zealand conditions, having the same 
lactation ; e.g., first lactation as 2-yr.-olds in 1956-1957 and second lactation in 
1957-1958; and a second group, having their second lactation as 3-yr.-olds in 
1956-1957 and their third lactation in 1957-1958. The estimates for these cows 
are shown in Table 7. Generally speaking, the estimates are a little higher 
than those for all records together, particularly the estimate obtained as the 
regression of second lactation on first, 0.92. This is considerably larger than 
the 0.53 obtained by Henderson (7) and is 50% greater than the correlation 
estimate of 0.65. This arises from the 1957-1958 variance component being 
nearly double that. of he 1956-1957 component on these records. No satisfactory 
explanation can be suggested for this difference. 


HERITABILITIES 
Heritability in the narrow sense was estimated from daughter-dam pairs 
in the same herd and year, and from paternal half-sibs. The estimates are 
shown in Table 8. 
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TABLE 7 
Repeatability of milk fat yield for groups of cows 
Cows having Ist lacta- 
tion in 1956-1957 (2 yr. 
old) and 2nd lactation 
in 1957-1958 (3 yr. old) 


Repeatability 


Il. 


having the same ages and lactations 


Cows having 2nd lacta- 
tion in 1956-1957 (3 yr. 
old) and 3rd lactation 
in 1957-1958 (4 yr. old) 


Repeatability 


Month 
of 


No. of 
cows in 
140 herds 


estimate * 


r 


No. of 


, estimate * 
cows in ; 


b 138 herds 
1,189 
1,189 
1,189 
1,187 
1,176 
1,163 


lactation 





.36 
02 
.58 
.62 
.69 
.67 
Not estimated 


"9 


ofa 
Not estimated 
45 .69 


1,478 31 
1,478 
1,478 
1,474 
1,460 
1,437 


lst 
2nd 
3rd 
4th 
5th 
6th 
7th 
8th 
9th 
10th 


45 
48 
49 
AT7 
1,274 46 1,046 
158 
(63 herds) 


246 
(68 herds) 


Lactation yield 1,478 .65 .92 1,189 





*r=correlation estimate; b= regression estimate. 


The estimator in the daughter-dam analyses was taken as twice the intra-herd 
regression of daughter record on dam record, the latter being repeated whenever 
a dam had more than one daughter in the same herd in the same year, which 
occurred very infrequently. All daughters had been sired by bulls in artificial 
breeding. The total number of pairs each year is shown in Table 8, together 
with the degrees of freedom for each estimate, these being fewer in the later 


TABLE 8 
Heritability of milk fat yield 





Analysis 





Paternal 14-sib variance 
components 


1956-1957 


2,913 
daughters 
of 42 
sires 
in 257 
herds 


15 
21 
23 
17 
27 


o9 


Daughter-dam regression 
(degrees of freedom 
shown in brackets) 


1956-1957 


1957-1958 


4,336 
daughters 
of 90 
sires 
in 266 
herds 


16 
19 
16 
19 








1957-1958 
1,023 pairs 
in 199 
herds 
(s.e. = .06) 


.12 (824) 
.28 (824) 
.18 (824) 
.14 (822) 
13 (812) 
13 (796) 
.03 (768) 
.07 (689) 
12 (397) 
.23 ( 64) 


(= .22) 


Lactation yield 19 (824) 


1,529 pairs 
in 239 
herds 

(s.e. = .05) 


.19 (1290) 
.10 (1290) 
.14 (1290) 
10 (1286) 
.08 (1272) 
11 (1239) 
.07 (1180) 
.08 (1052) 
.08 ( 662) 
10 ( 135) 
(+ .13) 


17 (1290) 


Month 
of 
lactation 





1st 
2nd 
3rd 
4th 
5th 
6th 
7th 
Sth 
9th 
10th 


'23 
Not estimated 
.28 16 
Not estimated 
27 15 


.28 


7 
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months of lactation, particularly for the tenth month which required daughters 
and dams both starting on test in August. The heritability of lactation milk 
fat yield is estimated in the neighborhood of 0.20 from these analyses. This 
method yielded the same value for Legates and Lush (8) in their analyses of 
Jersey records, whereas VanVleck et al. (21) report an estimate of 0.46 for 
Holsteins. The 0.20 value for Jerseys is also in agreement with Tabler and 
Touchberry (20), who used the daughter-dam regression on an intra-sire basis 
rather than intra-herd. 

The daughter-dam estimates of the heritability of monthly production in 
Table 8 are less than those obtained by Madden et al. (9), but they appear to 
follow the same downward trend towards the end of lactation. This tendency 
is more noticeable in the 1956-1957 results than in those for 1957-1958. The 
magnitude of the standard error of these estimates (approximately 0.05) is 
such as to indicate no significant differences in these estimates as between years. 
A standard error of 0.05 may seem high for as many as 1,000 daughter-dam 
pairs but, as can be shown from VanVleck et al. (22), many more pairs are 
needed to estimate heritability with a lower standard error. For example, more 
than 10,000 pairs would be required in order to estimate heritability (known 
to be approximately 0.20) with a standard error as low as 0.02. More than 
40,000 pairs would be needed for the estimate to have a standard error of 0.01. 

Heritability estimates of milk fat per cent were also obtained from the 
1956-1957 daughter-dam pairs. That for the lactation is 0.59, in close agree- 
ment with the 0.56 of Tabler and Touchberry (20), whereas the estimates for 
the first 4 mo. of lactation are 0.27, 0.26, 0.27, and 0.35, respectively. No esti- 
mates were made for the later months. 

The estimates from the paternal half-sib analyses are shown on the right 
of Table 8, the data consisting of daughters of sires used in artificial breeding 
throughout many herds. These were analyzed within years, using a two-way 
classification herds-by-sires random model analysis (18), to estimate variance 
components for herds, sires, herd-by-sire interactions, and error. Within herd 
heritability of a trait was taken as four times the ratio of the sire component 
to the sum of the sire, interaction, and error components. Generally speaking, 
these estimates are larger than those from the daughter-dam analyses, particu- 
larly in the later months of lactation. The estimates for lactation yield, 0.37 
in the 1956-1957 data and 0.28 in the 1957-1958, also show a bigger difference 
than in the daughter-dam estimates. This is attributable mainly to the differ- 
ence between the error variance component, it being 3,350 in 1956-1957 and 
3,750 in 1957-1958, whereas the sire components were very alike; namely, 310 
and 290, respectively. The difference between the estimates of the herd-by-sire 
interaction component in the 2 yr., —350 and +30, also contributes to the dif- 
ferent heritability estimates. 

Differences between the two sets of estimates (daughter-dam and paternal 
half-sib) may arise from various causes. Firstly, the analyses are not the 
same; in the one case, there is a good-sized sample of daughter-dam pairs, and 
in the other varying-sized samples of daughters from a relatively small number 
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of selected sires, ones that had been chosen for use in artificial breeding. Sec- 
ondly, testing the significance of the difference between the two sets of estimates 
demands knowledge of sampling errors, which can be (and have been) obtained 
for the regression estimates, but are unobtainable for the half-sib estimates. 
Sampling errors of the variance component estimates could be obtained from 
those given in Searle (18), but these would not yield the sampling errors of 
the heritability estimates. The small number of sires in the data probably 
implies fairly high sampling errors. 

The differences existing among the values in Table 8 make it difficult to draw 
any definite conclusions. Nevertheless, if the downward trend apparent in the 
1956-1957 daughter-dam results is real, it indicates that as lactation progresses 
environment plays an increasingly larger part in determining production. 
This result is not surprising under New Zealand conditions of farming, where 
most cows are having the later stages of their lactations in the late summer and 
early autumn, when the feed supply is sometimes low. On the other hand, it 
might seem unexpected under the conditions of dairy farming found in the 
United States, where cows are fed according to production. Madden et al. (9) 
comment on their results of decreasing heritabilities and repeatabilities as 
indicating ‘‘that production during the later months of lactation is determined 
more by temporary environmental influences and less by permanent differences 
between cows than is production during the early months.’’ The results of the 
present study suggest that heritabilities may decrease and repeatabilities in- 
erease as lactation progresses. Were this true, it would appear to indicate that 
production during the later months of lactation is determined less by additive 
genetic effects than is production during the early months, and at the same 
time is also affected more by permanent differences between cows. The differ- 
ences between cows other than additive genetic effects, therefore, appear to 
affect production more in late lactation than in early lactation. 

The large difference between repeatability and heritability estimates is a 
persistent characteristic of these data. Legates and Lush (8) reported ‘estimates 
differing by 0.26, whereas the difference in this study (for lactation yield) is 
in the order of 0.40 to 0.50, which seems rather large. This would indicate that 
permanent environmental differences between cows are large, but if so, one 
might expect the difference between repeatability and heritability to be less for 
individual months of lactation. The estimates obtained do not indicate this 
to any extent. 

GENETIC CORRELATIONS 

The data in the heritability studies also yielded estimates of genetic correla- 
tions. Daughter-dam within-herd covariance components were estimated and 
used in the expression given by Hazel (5) for a genetic correlation and from 
the half-sib data sire components of variance and covariance were used in the 
form of a product-moment correlation. 

Table 9 shows estimates of the genetic correlation of individual monthly 
yields with lactation yield. The daughter-dam values show reasonable agreement 
as between the 2 yr., with a few differences in the early months of lactation. 
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TABLE 9 
Genetic correlations of monthly milk fat yields with lactation yield 


Analysis 





Daughter-dam Paternal 
j half-sibs 


1956-1957 1957-1958 


Month 
of 
lactation 


1956-1957 1957-1958 


1st 77 43 4 .19 
2nd .92 .69 8 .94 
3rd 1.01 82 8S .92 
4th 79 84 95 
5th .70 oa 1.00 
6th 74 8. 97 
7th 72 j Not estimated 
8th 45 j 92 .89 
9th 50 , Not estimated 
10th .28 J 7 .74 








Those for the tenth month are based on so few degrees of freedom (Table 8) 
that they can be neglected. The paternal half-sib estimates are also quite con- 
sistent over the two seasons. They are mostly larger than the daughter-dam 
estimates, as with the heritability estimates and possibly for the same reasons. 

The trend in the daughter-dam estimates as lactation progresses is similar 
to that of the heritabilities—an increase up to the third month and then a 
general decline. This is contrary to the results of Madden et al. (9), whose 
estimates were approximately 1.00 for all months. It indicates that not only 
is environment playing an increasingly more important role in determining 
production as lactation progresses, but also that the sets of genes determining 
total yield and end-of-lactation yield are not altogether the same. Possibly, 
only some of the genes which determine total production determine the later 
stages of lactation also or else perhaps all the genes determining total yield, 
and others as well, determine production at the end of lactation. Madden ez al. 
(9) suggest that it is ‘‘probable that some genes somewhat alter the shape 
of the lactation curve’’ and hence, perhaps, some genes act in some parts of 
the lactation and not others. 

Jenetic correlations among the individual monthly butterfat yields were 
also estimated from the daughter-dam data, the results being shown in Table 10. 
The general tendency is that the correlations among early months of lactation 
are higher than those among later months, and also higher than the correlations 
between early and late months. This decreasing tendency toward the end of 
lactation is the same as that in the heritabilities, and the genetic correlations 
with lactation yields; it adds to the suggestion that perhaps some genes act in 
some parts of the lactation and not others. 

Estimates were also obtained, from the 1956-1957 daughter-dam pairs, of 
the genetic correlations among the butterfat per cent records of the first 4 mo., 
and between these and the milk fat yields. These are shown in Table 11. The 
genetic correlation between milk fat yield and milk fat per cent for the whole 
lactation is estimated as 0.16, in close agreement with Tabler and Touchberry 
(20). The correlations between different milk fat per cents are greater than 
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TABLE 10 
Genetic correlations among monthly milk fat yields 





Month of lactation 


Month of 
lactation 


7 


Ist 2nd 





3rd 4th 


5th 


9th 


‘10th 





1st 

2nd 
3rd 
4th 
5th 
6th 
7th 
8th 


87 79 55 
93 84 
85 


40 
85 
99 
70 


—ie 


—.22 
—2i 

15 
—@i 
10 
—.05 
—A0 
—.06 


9th 12 





0.80. A declining tendency as lactation progresses may occur in these as it does 
in the correlations among milk fat yields. 

Sampling variances of genetic correlations. Reeve (13) and Robertson (15) 
have developed approximations for the sampling variances of estimates of 
genetic correlations. These have been used to obtain an indication of the stand- 
ard errors pertaining to the genetic correlations in Table 9. 

The sampling variance of a genetic correlation estimate obtained from 
daughter-dam pairs can, from Reeve’s expression, (13), be put in the form 
Q/f, where Q is a function of the heritabilities, phenotypic and genetic correla- 
tions of the traits, and f is the number of daughter-dam pairs. When the number 
of daughter-dam pairs is known, Q/f is the sampling variance of the estimated 
genetic correlation. Alternatively, when the estimate is desired with known 
standard error, s say, the amount of data required is Q/s? daughter-dam pairs. 
Values of these expressions are shown in Table 12, using estimates taken from 
Tables 3, 8, and 9. The heritability of lactation yield has been taken as 0.20. 
The table shows the standard errors of the genetic correlations when estimated 
from 1,000 and 2,000 daughter-dam pairs. The average value is around 0.10, 
the values being higher toward the end of lactation when the heritabilities and 
genetic correlations are lower. Two standard deviations on either side of an 
estimate are thus + 0.20, which is a wide confidence interval for a correlation 
coefficient. The confidence limit for this interval is unknown because the dis- 
tribution of a genetic correlation estimate is not known. 


TABLE 11 
Genetic correlations among fat per cents and of fat per cents with fat yields 





Genetic correlations 





Among fat per cents 





Month of 
lactation 


Fat yield 


Lactation month 





with fat 
per cent 


3rd 





1st 

2nd 

3rd 

4th 
Lactation yield 


.89 
1.17 


1.07 
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Robertson (15) suggests that for genetie correlations estimated from half-sib 
analyses the variance is approximately 


var(r) = (1—77)"K/2C? 


where C is the geometric mean of heritabilities, K is the geometric mean of the 
variances of the heritability estimates, and r is the genetic correlation. The 
sampling error of the heritability estimates shown in Table 8 is 0.05; this gives 
K = .0025, and the resulting values for the sampling errors of the genetic corre- 
lation estimates are shown in Table 12. They are reasonably consistent with 
the standard errors of the daughter-dam estimates. 


TABLE 12 


Approximate standard errors of estimated genetic correlations between monthly and 
lactation milk fat yields 
Approximate samplin ' , 
PI ae ees Number of daughter- 
error of genetic corre- : ae 
Suthann  iaiedieiaiinn dam pairs needed for 
‘ standard error of ge- 
netic correlation esti- 
Month dam pairs Paternal mate tobe 
of - _ . half-sib 0.10 0.05 
lactation 1,000 2,000 estimates (nearest 100) 


No. of daughter- 





lst ‘ 18 15 3,200 12,800 
2nd ls .08 .O7 1,400 4,300 
3rd P .07 05 1,100 4,300 
4th 08 .06 .06 900 3,500 
5th li .08 .O7 1,300 5,300 
6th li .09 .08 1,700 6,800 
7th 26 18 16 6,700 26,800 
Sth 25 17 22 6,000 24,100 
Sth a 15 a 4,100 16,500 
10th 1.06 74 : 43,800 


The last two columns of Table 12 show the number of daughter-dam pairs 
required in order that the genetic correlation estimates should have standard 
errors of 0.10, or 0.05. The lowest of these is for the fourth month, and even 
this is 3,500 pairs for a standard error of 0.05. These numbers are very large 
for months in which the heritability and genetic and phenotypic correlations 
are low, notably the first month of lactation and the last four. Considerably 
more data than those available would be needed for estimating genetic correla- 
tions in these months with a satisfactory degree of reliability. Indeed, this is 
true for all months, because for comparing different selection procedures ge- 
netic correlation estimates with lowest standard errors are required. 


CONCLUSION 


The estimates of heritability and other parameters given here indicate that 
in the grassland system of dairy farming in New Zealand the later stages of 
lactation display greater environmental variation than the early stages. The 
early months of lactation may, therefore, be suitable for selecting animals for 
milk fat production. Possible alternatives in this direction will be reported 
on shortly, using parameter estimates presented here. 
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SOME EFFECTS OF CERTAIN ENVIRONMENTAL AND INHERITED 
INFLUENCES UPON MILK AND FAT PRODUCTION 
IN DAIRY CATTLE! * 


J. E. LEE, O. T. FOSGATE, anp J. L. CARMON 
Dairy Department, University of Georgia, Athens 


SUMMARY 


The IBM-DHIA records of 2,364 cows of four breeds were analyzed to study the 
effects of breed, season of calving, gestation, preceding dry period, and body weight upon 
milk, FCM, and butterfat production in southeastern United States. The total regressions 
for milk, FCM, and fat were highly significant due to the combined effects of the five 
variables with R? values of 40.5, 31.0, and 24.9%, respectively. 

Partial regressions of FCM and fat yield on season of calving, gestation, and body 
weight were significant. The effect of the length of preceding dry period in this study 
was negligible. Breed differences accounted for 11% of the variation in milk production, 
7.4% of the variation in FCM production, but only 3.7% of the variation in fat yield. 





The effects of breed, season of calving, gestation, preceding dry period, 
and body weight upon milk and fat production have been studied for many years. 
The results of these studies have varied with the geographic locations in which 
they were conducted. Breed differences have been reported to affect milk and 
fat-eorrected milk (FCM) production (3). In 1935, Plum (13) found more 
within breed variation than he did between breed variation in butterfat pro- 
duction. In 1960, Fosgate and Welch (3) reported a highly significant between 
breed variation for milk and FCM, but the variation for butterfat between 
breeds was small. Gowen (6) reported that body weight in Jerseys was the 
highest single measurement correlated to milk and fat production. In 1956, 
Farthing and Legates (2) found no appreciable increase in milk yields with 
inereased body size in Jerseys. In 1925, Wylie (16) pointed out that, if a 
constant level of feed was maintained throughout the lactation, the influence 
of season of calving was greatly reduced. Fall-calving cows have been reported 
as having the highest average production (12, 15). At least two reports have 
indicated that winter- or spring-calving cows have the highest average pro- 
duction (3, 7). 

Inasmuch as disagreement still prevails among researchers as to the effects 
of breed, season of calving, gestation, preceding dry period, and body weight 
upon milk and fat production, this study was undertaken to determine the 
effects of these variables upon milk, FCM, and fat production in the Southeast. 


EXPERIMENTAL PROCEDURE 


Two thousand three hundred and sixty-four Dairy Herd Improvement As- 
sociation (DHIA) lactation records for the period 1957-59 were used in this 
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study. These records included all of the cows in Georgia that had completed 
at least one IBM-DHIA record by January, 1960. The data include lactation 
records from 12 herds of either two or three breeds (mixed herds) and ten 
Holstein herds. The distribution of these records by breeds was 1,229 Holstein, 
865 Jersey, 180 Guernsey, and 90 Brown Swiss records. The records were 
divided into subsamples based upon the season of calving. Cows calving during 
the calendar months of September, October, and November were classified as 
fall-ealving cows; those calving during December, January, and February, as 
winter-calving cows; those calving during March, April, and May, as spring- 
calving cows, and those calving during June, July, and August, as summer- 
calving cows. 

All records were converted to mature-equivalent—two-times-a-day milking— 
305-day lactations (ME-2X-305-d), using the standard DHIA correction factors 
(8). Milk records were converted to FCM by the formula developed by Gaines 
(4). 

Because of disproportionate subclass numbers, a complete least squares 
analysis was computed. The partial regressions were calculated on a within 
subelass basis. All statistical analyses were run on IBM equipment. 


RESULTS AND DISCUSSION 

The analyses of variance for milk, FCM, and milk fat are presented in 
Table 1. This table shows that, of the variables studied, body weight exerted 
the most effect upon the yield of milk, FCM, and butterfat. 

The per cent of total variation for all variables and each individual variable 
are presented in Table 2. The effect of season of calving and a regression of 
FCM and milk fat on gestation, dry period, and body weight are found in 
Table 3. Table 2 reveals that breed differences accounted for 11.0% of the 
variation in milk production, 7.8% of the variation in FCM production, but 
only 3.7% of the variation in fat production. In this study, breed and herd 
effects were confounded to the extent that not all four breeds were: represented 
in each herd. However, 12 of the herds were mixed herds of either two or 
three breeds. Production averages for the cows in the study were as follows: 
Holsteins, 9,142 lb. milk, 8,946 lb. FCM, 335 lb. fat; Brown Swiss, 7,104 Ib. 
milk, 7,830 lb. FCM, 312 Ib. fat; Jerseys, 5,859 Ib. milk, 6,628 lb. FCM, 274 Ib. 
fat; and Guernseys, 5,318 lb. milk, 5,797 lb. FCM, 233 Ib. fat. 


TABLE 1 
Analyses of variance 





Source 


Milk 


FCM 


BF 





m.8. 


m.s8. 


m.s. 





Regression 
Breed 
Season of calving 
Gestation 
Preceding dry period 
Body weight 

Error 


10,632,422** 
8,671,441** 
2,759,095 ** 

14,662,619 ** 

141,896 

46,589,290** 

55,297 


6,858,519** 
4,909,295** 
2,852,698** 
14,528,860** 
179,122 
23,684,032** 
55,412 


790,023 ** 
1,058,147** 
1,372,732** 
2,230,689* * 

14,299 
2,430,880** 
8,793 
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TABLE 2 


Multiple coefficients of determination (R*) for milk, milk fat, and fat-corrected milk 


Total Breed 





Season Preceding 
of dry 
calving Gestation period 


Body 
weight 








R? 31.0 


R* 24.9 


(%) 


Milk 
3.5 6.2 0.06 
Fat-corrected milk 
4.3 7.3 
Milk fat 
4.8 7.8 





TABLE 3 


Season effects and regressions of three variables upon FCM and milk fat yield 





Variable 


Regression 





w 
fa | 


FCM 





Season of calving 
Fall 
Winter 
Spring 
Summer 

Gestation 

Dry period 


” 


147.0* 
123.0* 
—230.0** 

8.2** 


0.9 


* 


* 
* 


| 
ZYPoPrear 
COrFMWwWrFwows 

oe 

* 


* 
* 


Body weight 130.0** 


“P< Oo. 
oo? < a. 





Body weight accounted for more variation than any other variable studied. 
This is in agreement with reports from other workers (1, 2, 6, 9). A highly 
significant regression of 130.0 lb. of FCM and 5.0 lb. of milk fat was found 
for each increase of 100 lb. in body weight. This is a smaller regression than 
that reported in other studies (2, 6, 11). However, Farthing and Legates (2) 
noted that the Jerseys in their study did not show increases in milk production 
with each increment of 100 lb. body weight comparable to the increases shown 
by the Holsteins. In their study of ten herds with 580 Holsteins, the smaller 
sample size of 690 Holstein lactations could account for the large increase of 
390 lb. in M.E. milk and 16 lb. in M.E. fat associated with an average increase 
of 100 lb. in live weight found in the Holsteins. 

Starkey et al. (14) have reported the effect of gestation upon fat yield of 
Holsteins to be significant. Table 3 shows a highly significant regression of 8.2 
lb. of FCM and 0.3 lb. of fat for each day of gestation. Gestation and the season 
of calving were the two variables in this study that exerted proportionately 
more influence upon milk fat than upon either milk or FCM production. 
Gestation accounted for 7.8% of the variation in fat production, 6.2% of the 
variation in milk production, and 7.3% of the variation in FCM yield. This 
indicates that gestation and season of calving also affect fat test. 

In 1954, Parker and Underwood (12) reported that maximum yield decreased 
with the season of calving in the following order: fall, winter, spring, and 
summer. Recent studies in the Southeast by Fosgate and Welch (3) and 
Johnston et al. (7) have indicated that cows calving in the winter or early 
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spring months have the highest average production. In this study, cows calv- 


(14) 
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in the winter and spring months produced significantly more milk, FCM, 


and fat than did cows calving in the summer months. The difference in yields 
between winter- and spring-calving cows as compared to fall-calving cows 
approached significance (P < 0.1). Differences in yield between winter- and 
spring-calving cows were not significant. Constants due to season of calving 


listed in Table 3. Lactation yields decreased in the following order: winter, 


spring, fall, and summer. 


The length of preceding dry period has been reported to significantly affect 


milk production in the succeeding lactation (5, 10, 15). However, at least one 
report indicated that the length of preceding dry period explained only about 


of the variation in fat yield (13). In this study of IBM-DHIA records 
effect of dry period was negligible. Nonsignificant regression values of 
lb. of FCM and 0.1 lb. of fat were obtained. These low values can be ex- 


plained on the basis that nearly all of the cows in the study had dry periods 
of 42-60 days in length. If the cows had been selected for dry periods of vary- 
ing lengths, the regressions probably would have been much larger. 
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QUANTITATIVE METHODS FOR DETERMINING PROGESTINS IN 
CORPORA LUTEA, OVARIES, AND ADRENALS OF THE COW 
AND SOW USING PROGESTERONE-4-C'* AS A MEASURE 
OF RECOVERY OF EXTRACTED HORMONE ! 


F. STORMSHAK,” * MARJORIE L. HUNT, anp R. E. ERB 
Departments of Dairy Science and Agricultural Chemistry 
Washington State University, Pullman 


SUMMARY 


A quantitative method is deseribed for the chemical assay of progesterone and A‘- 
pregnene-208-ol-3-one. The tissues were extracted with ethyl acetate, followed by vacuum 
distillation and partitioning of the residue between Skellysolve B- 70% methanol and 
benzene. The progestins were separated and further purified by paper chromatography 
using the Bush Skellysolve B-95% methanol system, eluted, and rechromatographed in 
the same system. Progesterone-4-C™ (0.08 yg; 3,500 ¢.p.m.) was added at the time of 
initial extraction to estimate recovery of progesterone during each assay. The radiochemical 
purity of the compound was 93-94%. About 4% of the radioactivity remained in the 
tissue during initial extraction and approximately 16% was lost during each elution of the 
paper chromatograms. Average recovery of progesterone-4-C“ was 40% for 224 samples 
of cow tissues (standard error 0.7%) and 51% for 114 samples of sow tissues (standard 
error 1.1%). No A*-pregnene-208-ol-3-one was detected in sow tissues. 





Zarrow et al. (28) tested 17 compounds related to progesterone with the 
Hooker-Forbes bioassay and confirmed that the A 4-ene-3-one group must be 
present for progestational activity. This grouping is also a convenient chemical 
characteristic, since all steroids having it absorb ultraviolet light at 240 mp 
when in alcoholic solution (9). Although this area of absorption is not spe- 
cific for progestins, it does allow detection and quantitation after some means 
of isolation and separation have been used. 

Chemical methods for assay of progesterone are of recent origin. Two im- 
portant developments have aided recent progress in steroid analysis (21). One 
is the use of radioactive isotopes and the other is the use of paper chromatog- 
raphy. Paper chromatography, originally suggested in 1861 by Schoenbein (23), 
was first used for separating amino acids in 1944 (8). After Zaffaroni et al. 
(27) introduced the use of nonaqueous solvent systems in 1949, paper chroma- 
tography gained wide acceptance as a method for separating and purifying 
steroids. The Zaffaroni nonaqueous solvent systems use a high-boiling organic 
solvent such as formamide or propylene glycol as the stationary phase and low- 
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boiling solvents as the mobile phase. Prior to development, the paper is impreg- 
nated with the nonvolatile stationary phase. Paper chromatography systems 
developed by Bush (4, 5) eliminated this latter step, because both phases are 
volatile solvents and equilibration of the paper supporting medium occurs 
entirely via the vapor phase of the system. 

Many methods for the chemical assay of progesterone have been developed 
(7, 10, 12, 14, 15, 17-19, 24, 25). Most (7, 10, 12, 14, 19, 24, 25) of these employ 
paper chromatography for the final separation and purification of the steroid. 
Methods have varied, depending on the type of tissue or fluid and species of 
animal and objectives of the experiments. The recent identification of A 4-preg- 
nene-20 8-ol-3-one (13) in cow ovaries had led to methods modified to simul- 
taneously measure this progestin as well as progesterone. All methods are 
time-consuming and because of the number of steps required for separation and 
purification of the steroids, recoveries of progesterone added at initial extrac- 
tion have generally been below 70% and quite variable. Accordingly, a method 
is frequently a compromise using the least number of steps for achieving mini- 
mum purification for quantitative measurement; this reduces time for assay 
and loss of the steroid originally extracted. 

This paper will describe a procedure which estimates the loss of extractable 
progesterone during the remainder of the method and simultaneously allows 
quantitation of progesterone and A 4-pregnene-20 £-ol-3-one. The latter com- 
pound hereafter will be referred to as 20 £-ol. 


METHODS 


In recent years, two methods of analysis for progestins of ovarian and 
adrenal origin have been developed in our laboratories. The first method (12, 
14) was used to isolate progestins from ovarian and adrenal tissue. The second 
method (25), a modification of the first, was used primarily for the study of 
the corpus luteum and involves the following steps: (a) Extraction of the 
tissue with ethyl acetate followed by filtration of the ethyl acetate-steroid-lipid 
mixture; (b) vacuum distillation of the filtrate and dissolving of the residue 
in 10 ml. of Skellysolve B, followed by extracting three times with 10-ml. 
volumes of 70% methanol; (c) removal of methanol under Ne in a 45° C. water 
bath, with extraction of the resulting aqueous phase three times with 10-ml. 
portions of redistilled benzene; and (e) drying the benzene extract, followed 
by chromatography in the Bush Skellysolve B-95% methanol system. This 
latter method is unsatisfactory for assay of ovarian and adrenal tissues of the 
bovine. The method fails to remove all of the extraneous tissue residues which 
exhibit absorption at 240 mz. 

The method to be described differs from the second method by: (a) The use 
of radioactive progesterone in trace quantities with each sample for the evalua- 
tion of losses during the procedure; (b) deletion of the equilibration step in 
chromatography ; (c) rechromatography in the Bush Skellysolve B-95% meth- 
anol system to completely remove interfering tissue residues; and (d) correction 
for the contribution of the blank paper eluate to the ultraviolet absorption at 
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240 mu by a direct subtraction of the optical density of this blank rather than 
by the use of Reineke’s method (20). 

Radioactive progesterone standard. Absolute ethyl alcohol was used to pre- 
pare the solution of progesterone-4-C™ (62 »e/mg; purchased from California 
Corporation for Biochemical Research, Los Angeles, California, in 1-ve. quan- 
tities). Approximately 1 ml. of absolute ethanol was transferred to a vial 
containing 1 ue. of progesterone-4-C™ and allowed to stand at room temperature 
for 2 hr. This solution was quantitatively transferred to a 10-ml. weighed 
glass-stoppered flask with the addition of approximately 2.5 ml. of ethanol. The 
final volume of the solution was determined by weight and density. The ab- 
sorption spectrum determined on a Beckman DU spectrophotometer agreed 
with that of progesterone. The maximum optical density corresponded to 
17.7 pg. progesterone-4-C'* per microcurie of radioactivity. This is in reason- 
able agreement with the value of 16.1 yg. per microcurie calculated from the 
specific activity of 62 »c/mg. Since later samples of progesterone-4-C'* were 
all from the same lot, they were not subjected to this ultraviolet absorption 
measurement. One microcurie of progesterone-4-C'* was finally made to a 
volume of 100 ml. and used as a standard stock solution. 

Extraction of tissues. All tissues were extracted three times with 50-ml. 
portions of ethyl acetate in a Waring Blendor. After complete homogenization 
of the tissue during the first extraction, 500 A of progesterone-4-C1, ca. 3,500 
e.p.m. and 0.08 pg., was added and the extraction continued. 

Paper chromatography. Paper chromatography in the Bush Skellysolve 
B-95% methanol system adequately separates progesterone and 20 B-ol. It was 
found that equilibration, the time required for saturation of the chromatogram 
with solvent vapors of the system, was not essential in this method. Omission 
of this step reduced the total time for developing the chromatograms by one-half. 
At the end of 3.5-4 hr. the chromatogram was removed from the tank, the 
concentrations of progestins located on the 3-cm. strips through use of an ultra- 
violet scanner, and eluted with 10 ml. of redistilled methanol. 

A chromatographic standard of 50 wg. of pure progesterone was run with 
each sheet of chromatograms to aid in the location. The eluted fraction was 
then evaporated under a stream of nitrogen in a water bath at 45° C. and re- 
chromatographed for the same length of time. The progestins on the rechro- 
matogram were detected and a 6-cm. section containing the steroid eluted to 
5 ml. in a calibrated test tube. A paper blank of the same size was cut from an 
adjacent control strip, which was subjected to solvents only and treated in a 
similar manner. 

Edgar (10) and Bush (6) found that filter paper contained material which 
absorbed strongly in the same region as progesterone. Therefore, if the eluted 
blank portion of the paper differed appreciably in size or position on the chro- 
matogram from that containing the progesterone spot, the absorption spectrum 
of the latter, when corrected for the paper blank, was distorted and the absorp- 
tion maximum differed from 240 mp. Preliminary work with this method 


confirmed these findings. 
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Quantitative measurements. Quantitative measurements were based on the 
optical density of the samples at 230, 240, and 250 my. In the earlier method 
(12, 14) a procedure similar to that described by Reineke (20) was used to 
correct for the paper blank and calculate the amount of progestin present. In 
the present study this has been replaced by a simple calculation involving the 
direct subtraction of the optical density of the paper blank at 240 from the 
optical density of the samples at 240 my. The optical density of the paper 
blank at 240 my» varied somewhat from sample to sample, as noted by Reineke 
(20). However, the shape of the spectrum of the paper blank also varied and 
the variation in the ratio of densities at 230 and 240 my, as used in Reineke’s 
calculation, led to an uncertainty in the final corrected density which was 
appreciably larger than in the case of direct subtraction. Thus, direct subtrac- 
tion of the density of the paper blank was deemed more appropriate than the 
use of Reineke’s method of calculation. 

Optical density readings were made on a Beckman DU spectrophotometer, 
using silica cells of 1l-em. light path. The quantity of progestin in the sample 
was calculated from the following formula: 


(D — PB) 
O.D.xXF 
D = optical density reading of sample at 240 my, 


= pg. of progestin in sample, where, 


PB = optical density of paper chromatogram blank at 
240 mp, 


0.D. = optical density for 1 yg. of progesterone in 5 ml. 
as determined at a concentration of 50 pg. per 
5 ml. of solvent, and 


F = fraction of progesterone-4-C'* recovered. 


After the spectrophotometric measurements, 4 of the 5 ml. of each progester- 
one solution were transferred to individual aluminum planchets pretreated as 
described below. Each planchet was covered with a single-thickness dise of lens 
paper to provide uniform distribution, and counted to a total of ten thousand 
counts. The percentage recovery of progesterone-4-C™ was calculated and this 
value was used to correct the quantity of progesterone in the final eluate for 
losses sustained during the experimental procedure. Because 20 B-ol exhibits 
properties similar to progesterone, the percentage recovery of progesterone-4- 
C'™ was also used to correct for losses of 20 £-ol. 

Preparation of planchets. All planchets used in this study were pretreated 
in a manner similar to that described by Pearce et al. (16). This procedure 
consisted of (a) washing in petroleum ether at 40° C. for 45 min., followed by 
washing in acetone at 40° C. for 45 min., (b) rewashing the planchets at low 
heat in distilled water to which a mild detergent had been added and rinsing 
with distilled water. It is important in this procedure to prevent planchets 
from adhering to each other. Washing was considered satisfactory when a drop 
of ethanol dispersed uniformly over the surface of the dried planchet. 
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One or two drops of a solution of carbon tetrachloride containing a small 
amount of silicone grease were applied, via an eye dropper, to the inner surface 
of the rim of each planchet. A thin film of silicone grease remained on this 
surface to prevent the sample from spreading beyond the confines of the planchet. 

Sources of tissues. Ovaries and adrenals were removed within 30 min. after 
slaughter of sows and cows. The corpora lutea were separated from the ovaries 
and the tissues from individual animals were placed into sample bottles and 
immediately frozen with solid CO, and stored at —25° C. until prepared for 
final analysis. 

Purity determination of progesterone-4-C'. Berliner and Salhanick (2), as 
well as Savard (22), have reported that when employing C**-labeled steroids in 
paper chromatography, measurable amounts of radioactivity remain at the ori- 
gin. It was, therefore, necessary to determine whether these findings apply to 
progesterone-4-C', Four- and ten-milliliter portions of the standard isotope 
solution were concentrated and applied with 50 yg. of standard progesterone 
to 2-em. strips of Whatman No. 1 chromatography paper. The chromatograms 
were developed in the Bush Skellysolve B—95% methanol system for 3.5 to 4 hr. 
Small beakers were centered under each strip to collect any solvent. A 6-cm. 
section containing the standard progesterone and progesterone-4-C!*, as de- 
tected through use of an ultraviolet scanner, was marked, and the entire strips 
beginning 1 em. above the origin were cut into 2-cem. sections, with the exception 
of the marked area, which was cut into l-cm. sections. These sections were 
placed on aluminum planchets and counted. Any solvent collected in the 
beakers from the strips was also plated and counted. 

Table 1 shows that 7.92% of the activity remained near the origin on the 
first chromatogram (4-ml. sample) and 3.2% between this area and the proges- 
terone spot. This appears to be partly impurity, since rechromatography of 
the progesterone area of the 10-ml. fraction containing the progesterone-4-C' 
revealed very little activity on these two areas (0.57%). 


TABLE 1 
Distribution of progesterone-4-C™“ on chromatograms 





First chromatogram Rechromatogram 
(4 ml.) (10-ml. fraction) 





Per Per 

Distance cent Distance cent 

in of in of 

Location length total Location length total 


(em.) (e.p.m.) (em.) (ce.p.m.) 


. Vieinity of and including . Area from and inelud- 
origin 10 7.92 ing origin to progester- 


4 
. Area between above and one-4-C™ spot 
detected progesterone-4- 2. Detected progesterone-4- 
C™ spot 20 ’ C™ spot 
3. Detected progesterone-4- 3. Area below spot includ- 
C™* spot ing solvent in beaker 





. Area below spot inelud- 
ing solvent in beaker 
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The percentage radiochemical purity of the original progesterone-4-C1* was 
calculated as follows: Since rechromatography of the progesterone area of the 
10-ml. sample indicated a small amount of trailing of the pure progesterone- 
4-C!* between the origin and the progesterone-4-C'™ spot (Table 1), it was 
assumed that all of the radioactivity in the second area and some of the radio- 
activity in the first area (origin) of the first chromatogram (Table 1) was due 
to this trailing. The concentrations of radioactivity corresponding to trailing 
of pure progesterone-4-C'* were determined from the second area. This quantity 
was subtracted from this first area (origin). The amount of radioactivity in 
excess of that due to progesterone-4-C'™ trailing was ascribed to an impurity. 
The degree of radiochemical purity as determined in this way by four experi- 
ments was 93% in three cases and 94% in one case. 

A series of four planchets was covered with a single-thickness dise of lens 
paper; 500 A of progesterone-4-C'* was delivered into each, and counted. The 
counts from these planchets were averaged and corrected for purity. In this 
manner, it was possible to determine the counts per minute of progesterone-4-C™ 
added to each assay made. 

Analysis of losses of progesterone-4-C’4. The average recovery of progester- 
one-4-C!* for a total of 224 bovine samples assayed was 40%, with a standard 
error of 0.74%. There was no significant difference between recoveries for the 
different cow tissues. Corpora lutea averaged 41%, ovaries 40%, and adrenals 
38%. The average recovery of progesterone-4-C™ for 114 samples of sow tissues 
was 51.4%, which was significantly higher than for cow tissues. For sow corpora 
lutea, the average recovery was 56% as compared with 51% for the ovaries and 
48% for the adrenals (P < 0.01). The sow tissues characteristically showed 
fewer interfering substances after initial extraction than did extracts of cow tis- 
sues. For each species, the most difficulty was encountered in purifying adrenal 
extracts and the least for luteal tissue. In the Bush system, rechromatography 
of sow luteal tissue appears unnecessary. 

Another species difference was the absence of detectable quantities of 20 
8-ol in the corpora lutea, ovaries, and adrenals of the sow. The substance from 
cow adrenals which chromatographed like 20 B-ol has not been further identified. 

An analysis of the method for losses incurred explains the low recoveries for 
progesterone-4-C!*. Approximately 3 to 4% of the isotope was lost in the actual 
extraction procedures. The greatest loss occurred during elution through 
failure to remove all of the progesterone from the paper chromatogram (Table 
2). 

Identification of progestins in bovine ovaries and adrenals, Extracts were 
made of corpora lutea, stroma, ovaries, and adrenals collected from pregnant 
cows. These extracts were chromatographed in the Bush Skellysolve B-95% 
methanol system and the compounds showing identical mobility to that of au- 
thentic progesterone and 20 -ol were eluted for further identification tests. 
Exhaustive identification tests were not performed on the compounds isolated 
from corpora lutea or residual ovaries since Gorski et al. (13) have identified 
progesterone and’ 20 8-ol to be the progestins associated with these glands. These 
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TABLE 2 


Determination (approximate) of loss encountered in method using 500 \ of progesterone-4-C™ 
in 4.6 g. of corpus luteum and ovary-stroma 


Reeovery 


(%) 
. Progesterone-4-C™* 55.90 


2. First chromatogram 
(a) Rewash of eluted area 1.02 
(b) Area below and directly above detected progesterone spot 8.69 
(ce) Area above and below A 4-pregnene-20 8-ol-3-one spot and rewash 
of eluted A 4-pregnene-20 §-ol-3-one spot 6.96 
Total 16.67 


3. Rechromatogram 
(a) Rewash of eluted area 75 
(b) Area below and directly above progesterone spot 6.48 
(ec) Area above and below A 4-pregnene-20 8-ol-3-one spot and rewash 
of eluted A 4-pregnene-20 §-ol-3-one spot 8.18 


Total 15.41 


compounds were chromatographed in the Skellysolve B-formamide system for 
3.5 to 4 hr. and showed the same mobility as authentic progesterone and 20 £-ol. 
The material showing the same mobility rate as authentic 20 B-ol was oxidized 
and chromatographed in both the Skellysolve B-formamide and Bush Skelly- 
solve B-95% methanol systems. In such cases, it showed the same mobility as 
authentic progesterone and oxidized 20 B-ol. An acetate of this material chro- 
matographed in both systems showed identical mobility to that of authentic 
acetylated 20 8-ol. The ultraviolet spectrum in methanol of the compounds 
under consideration showed a single peak at 240-242 my similar to authentic 
progesterone and 20 £-ol. 

Methods of identification similar to those above were performed on the com- 
pound extracted from adrenal glands. This compound showed the same mobility 
as authentic progesterone on chromatograms. The results of these tests were 
identical to those described for progesterone in the previous section. 

The true identity of the compound extracted from adrenal glands of the 
cow which showed mobility identical to that of authentic 20 8-ol when chro- 
matographed in the Bush Skellysolve B~95% methanol could not be established. 
The compound in question showed maximum absorption at 240 mp». When a 
large sample of adrenal tissue (200 g.) was extracted, difficulty was encountered 
in separating this compound from the large quantities of tissue residue. In 
chromatography, this tissue residue impeded the flow of solvent over the strip, 
in comparison with that of the control strip containing the authentic 20 £-ol, 
thus making it impossible to locate with certainty the compound on the chro- 
matogram. Hence, sufficient quantities of this steroid could not be obtained 
for further identification tests. 

GENERAL DISCUSSION 

The use of radioactive progesterone as a measure of recovery for each assay 
at least partially corrects for variations in techniques and variations in tissues 
from different animals. This technique measures primarily the loss of progestins 
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initially extracted from the tissues and not the percentage of the total which 
may be actually present in the tissues. There is no reliable procedure by which 
the efficiency of the initial extraction can be determined, although the use of 
radioactive tracers may be an aid. There is considerable evidence that steroids 
in body tissues and fluids may be conjugated with various materials. Steroids in 
urine have been shown to be conjugated with glucuronic or sulfuric acids (26). 
This is not believed to be the case in most tissues, except perhaps in the liver (3). 

One of the major difficulties in purifying progestins from tissue sources is 
separating them from the lipid material. Since paper chromatography alone 
will not satisfactorily separate progestins from large quantities of lipids, a 
procedure for removing these substances is essential. 

Allen (1), in his early work on the isolation of progesterone, separated this 
hormone from fat by precipitating the fat from a 70% methanol solution at 
—15° C. and removing it by filtration in the cold. Butt et al. (7) modified this 
method by centrifugation in the cold rather than filtering. Partition between 
Skellysolve B, 70% methanol, and benzene successfully eliminated a major 
portion of these extraneous materials in our method. 

Loy et al. (15) used column adsorption chromatography on aluminum oxide, 
followed by separatory funnel counter-current distribution as a means of sepa- 
rating progesterone from corpora lutea of the cow and sow. A solution of 20% 
chloroform—Skellysolve B eluted all material from the column which had an 
absorption maximum near 240 mp. Since 20 B-ol is probably also measured by 
this method (15), comparisons with our method should inelude both the prog- 
esterone and 20 B-ol. Chromatography in the Bush Skellysolve B-95% methanol 
system allows adequate separation between progesterone and 20 8-ol. The Bush 
system will not separate A*-pregnene-20 a-ol-3-one, A* androstene 3, 17-dione, 
or 20 B-ol because of similar migration rates in this system. The Zaffaroni (27) 
formamide system is an appropriate one. Rakes et al. (19) used one paper 
chromatogram in the Bush petroleum ether-80% methanol system to make the 
final separation of progesterone from bovine tissues. Rechromatography was 
found necessary in our method in obtaining a final purified eluate of progestins, 
even with prior treatment of the extract with organic solvent to remove tissue 
residues. 

Recoveries of progesterone-4-C™ ranged from 20 to 60%. Gorski et al. (14), 
using rechromatography, reported an average recovery of 59% for progesterone 
separated from bovine tissues. An average recovery of 73% was reported with 
one chromatogram when bovine corpora lutea were analyzed for progesterone 
(25). The values reported for recovery of progesterone from blood (11, 18, 24) 
are generally near the maximum value of our range. Variation in recovery rate 
is not critical when a radioactive tracer is used. This is in contrast with the 
methods which depend on a constant recovery rate to achieve quantitative 
assays. 

The limit of accurate quantitative measurement of progestins was abou‘ 
3 pg. in the total purified sample. This is above the 0.15 pg. limit of sensitivity 
reported by Edgar and Ronaldson (11) for the analysis of blood. 
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The total time required to perform all operations of this procedure ap- 
proaches 24 hr. Although this seems relatively long in comparison to some 
methods, one technician can run six to eight samples concurrently. 
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PROGESTINS IN BOVINE CORPORA LUTEA, OVARIES, AND 
ADRENALS DURING PREGNANCY! 
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SUMMARY 


Progesterone and A’‘-pregnene-20 §-ol-3-one (20 8-ol) were assayed in 89 corpora 
lutea and 54 pairs of ovaries (corpora lutea removed) and adrenals collected from 
cows pregnant 16 to 275 days. Levels of the two progestins were significantly higher in 
corpora lutea from 16 to 89 days (33.6 ug/g) than at 90 to 179 (20.4 ng/g) or after 180 
days (27.5 ug/g) of pregnancy. Progesterone per gram of luteal tissue was significantly 
less at 90 to 179 days (12 ug/g) than after 180 days (18.7 ug/g) or for 16 to 89 days 
(20.4 ng/g). Progesterone and 20 8-ol per gram of luteal tissue were not highly correlated 
at any stage of pregnancy and the correlation for the study was only 0.21. There was a 
significant correlation (51 comparisons) between weight of the corpus luteum and ovary 
weight (r= 0.45) and adrenal (r = 0.30). Corpora lutea were not significantly heavier 
(P<0.10) at 16 to 89 days (5.9 g.) as compared with 90 to 179 days (5.0 g.) or after 
180 days (5.5 g.). The progesterone content of the ovaries and adrenals was generally 
less than (lug/g) and did not vary significantly during pregnancy. The 20 §-ol level was 
very low in ovaries and this compound was not positively identified in adrenals. This 
study suggests that the corpus luteum remains functiona! throughout pregnancy in the 
bovine. 





Prior to the identification of progesterone as the active component of the 
corpus luteum, Corner and Allen (6) reported that this structure is essential to 
the maintenance of pregnancy in the rabbit. Similar conclusions have been made 
from work with rats (15, 16, 39) and goats (21). Experiments conducted with 
other placentalia have shown that the corpus luteum is essential only during 
early pregnancy. Removal of the corpus luteum after the 35th day in humans 
does not terminate pregnancy (32). Studies with several other species such as 
the monkey (14), guinea pig (18), horse (13), and ewe (5) have shown results 
similar to those for the human (32). 

Studies with the cow are inconclusive, though it appears fairly certain that 
an active corpus luteum is required at least during the first 200 days of preg- 
nancy. Wester (33) found that ovariectomy of pregnant cows causes abortion. 
Sartoris (26, 27) terminated pregnancy in cows by ovariectomy during the sixth 
month. Raeside and Turner (23) gave daily subcutaneous injections of 25 mg. 
of progesterone, starting one day prior to the removal of the corpus luteum 
from heifers pregnant 44, 48, and 76 days. Abortion occurred in all three cases. 

More recently, McDonald et al. (20) removed the corpus luteum from cows 
pregnant 207 to 236 days. Pregnancy terminated 50, 3, 24, 18, and 8 days, re- 
spectively, when the corpus luteum was removed at 207, 221, 224, 230, and 236 
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days of pregnancy. Erb (7) has observed that removal of the ovary containing 
the corpus luteum from three cows pregnant from 251-254 days resulted in 
abortion within 48-72 hr. Results have varied, depending on whether the corpus 
luteum or the entire ovary bearing it is removed. However, it seems clear that 
in the cow the corpus luteum is required for at least the first 8 mo. of pregnancy. 
Then, the essentiality of the corpus luteum of pregnancy in cows is similar to 
rabbits, rats, and goats, and quite different from primates, horses, and sheep. 

The differences among species in regard to pregnancy maintenance follow- 
ing removal of luteal tissue prompted early investigators to suggest extra- 
ovarian sources of progesterone. Adler et al. (1), using the proliferation of 
the endometrium of the rabbit as positive evidence, reported that bovine and 
human placentae were sources of progestins. In 1952, Salhanick e¢ al. (25) 
reported the initial isolation of progesterone from the human placenta. Since 
then, others have confirmed this finding (28, 37). Short (28, 30) has isolated 
progesterone from placenta of the mare, but could not detect this hormone in 
the late-term placentae of the cow, ewe, sow, or bitch. Gorski et al. (12) have 
reported similar results for bovine placentae. 

In contrast to these results, Melampy et al. (22) recently reported the de- 
tection of progesterone in placenta, allantoic and amniotic fluids of the bovine. 
The amniotic fluid of the monkey has been found to contain measurable quan- 
tities of progestins (9). Forbes (8) has collected blood from the umbilical 
artery and veins of human and goat feti just before their separation from the 
placenta. He found that levels of progesterone in blood plasma from the um- 
bilical artery were significantly higher than those from the veins. 

Both A*-pregnene-20 8-ol-3-one (20 B-ol) and A*-pregnene-20 a-ol-3-one (20 
a-0ol) have been isolated and identified from the placental extracts of the mare 
(29) and human (24, 29, 37), but Wiest (34) could not detect these metabolites 
in extracts of rat placenta. 

In 1938, Beall (4) isolated and identified progesterone and 3:20 allopreg- 
nanolone in extracts of the bovine adrenals. The adrenal gland has been sug- 
gested as a possible source of progestational activity during gestation. Balfour 
et al. (2) measured progesterone levels in adrenal venous blood of cows preg- 
nant 210 and 240 days, respectively. They obtained values of 46.8 and 30.8 
»wg/100 ml. of plasma. They found that progesterone concentration of adrenal 
venous blood plasma was ten to 100 times greater than the concentration of 
progesterone in arterial blood at the same time. Progesterone was also detected 
in the adrenal glands of the sheep and the pig. Balfour et al. (3) have recently 
reported the isolation and identification of 20 a-ol from the effluent adrenal 
blood of young calves. Lombardo and Hudson (19) studied the in vitro bio- 
synthesis of adrenocortical hormones by the human adrenal gland. When 3- 
B-hydroxy-A*-pregnene-20-one was added to the substrate, progesterone and 
17 a-hydroxyprogesterone were isolated. 

From the data pertaining to progestin levels in the bovine, it currently 
appears that: (a) Progesterone and 20 8-ol are the major progestational com- 
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pounds in ovarian tissue; (b) the adrenal glands are significant sources; and 
(ce) the placenta is a questionable source. 

The purpose of the present work was to investigate the levels of progestins 
in corpora lutea, ovaries, and adrenals of cows in various stages of pregnancy. 


MATERIALS AND METHODS 


Ovaries and adrenals of pregnant cows were removed at the time of slaughter. 
The corpus luteum was removed from the ovary bearing it and the tissues were 
separately frozen in solid CO» and stored at —25° C. until prepared for assay. 
Stage of pregnancy was determined from breeding dates or from the crown-rump 
measurements of the fetus as described by Winters et al. (35). The latter pro- 
cedure was used for 28 cows pregnant from 105 to 275 days. Of 89 corpora 
lutea from pregnant cows, 29 were from Kansas State University. Ovaries and 
adrenals were not available for this group. Six samples of ovaries and adrenals 
were lost during assay, owing to contamination of the samples, leaving data on 
54 pairs of ovaries and adrenals. 

The reproductive tracts of all animals were examined to observe the condi- 
tion of the embryo or fetus and to detect gross abnormalities. In cases of early 
pregnancy, the uterus, uterine horns, and Fallopian tubes were flushed with 
distilled water and the contents examined under a wide-field dissecting 
microscope. 

Progesterone and 20 8-ol were separately determined in the corpus luteum 
and the combined ovaries and adrenals of individual cows, using the method 
of Stormshak et al. (31). 


RESULTS AND DISCUSSION 


General observations. The data were initially surveyed by grouping the 
samples according to month of gestation. Figure 1 shows that the changes in 
the average weight of corpora lutea, ovaries, and adrenals were not very great 
from 1 through 8 mo. of gestation, though on an average they were slightly 
heavier during the first 16-89 days. However, progesterone and 20 £-ol per 
gram of tissue, and particularly the latter, were noticeably higher during the 
first 3 mo. as compared with later stages of gestation. Average progesterone/ 
gram of luteal tissue for 14 cows in the 210- to 239-day grouping averaged 
nearly as high (19.6 »g/g) as ten cows in the 30- to 59-day period (22.4 ug/g). 
However, two cows in the 210- to 239-day group had concentrations of prog- 
esterone higher than any of the other cows in the study. 

Adrenal glands were heavier on the average at 30 to 59 days, 120 to 149 
days, and 180 to 209 days. One cow in each group was primarily responsible 
for this, since their adrenal glands were nearly twice as heavy as the study 
average. 

Since the groupings by month of gestation had too few data per month (range 
6 to 14/group) and the cow-to-cow variation was considerable, the pregnancy 
periods were grouped into three successive 90-day intervals. Since cows of 
several breeds were involved, a check was made for possible breed differences. 
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There was little difference between breeds with respect to average levels of 
progesterone and 20 f-ol per gram of luteal tissue within the three gestation- 
stage groupings. 
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DAYS IN GESTATION 


Fig. 1. Gland weights and progestin levels of corpora lutea during pregnancy. 


The average size of the corpus luteum did show some breed-to-breed varia- 
tion which was not significant at P < 0.10. The corpora lutea of 15 Guernseys 
averaged the heaviest (6.8 g.) and 16 Herefords averaged the least (4.5 g.). 
The corpus luteum of cows pregnant 16-89 days averaged 5.9 g., which was 
heavier than for cows pregnant 90-179 days (P <0.10) or over 180 days 
(P < 0.25). Though corpora lutea of Jersey, Guernsey, and Ayrshire cows 
were heavier during the 16- to 89-day stage of pregnancy as compared with 
the two later stages, Holsteins and Herefords were not. Therefore, it is ques- 
tionable that any real difference exists in the size of the corpus luteum during 





314 F. STORMSHAK AND R. E. ERB 


the three stages of pregnancy. Breeds were not considered further in the fol- 
lowing summaries. 

Total quantities of progestins in corpora lutea. Table 1 shows that proges- 
terone, 20 B-ol, and the two combined averaged considerably higher at 16-89 
days than during the later stages of pregnancy (P < 0.01). The 90- to 179-day 
stage was lower than the over 179-day stage for progesterone and total progestins 
(P < 0.025). The values within stages of pregnancy were quite variable, as 
ean be noted from the standard deviations (s) and standard errors (sX) in 
Table 1. 


TABLE 1 


Average quantities of progesterone and 20 8-ol in corpora lutea 
Combination 
Total progesterone Total 20 8-ol of the progestins 


Stage of 
pregnancy Xx s 





(days) (No) — 
16-89 29 122 
90-179 33 60 

180 + 27 97 


Total 89 92 74 

Correlations. Unfortunately, from data like these one cannot establish the 
quantity of hormone being released from the corpus luteum for physiological 
regulation. A large corpus luteum with a smaller quantity of progestins may 
rélease no more progestins per unit time than a much smaller gland with higher 
levels. Correlations were calculated between corpus luteum weight and quan- 
tities of progestins and weights of the ovaries and adrenals (Table 2). The 
correlations between progestins in the corpus luteum and the weight of ovaries 
or adrenals were not calculated since these tissues contain, on an average, so 
little that quantitation is only approximate with the method employed (Table 3). 

Table 2 shows that there is a limited relationship between corpus luteum 
weight and the quantity of progesterone or 20 8-ol per gram of tissue. The cor- 
relation of —0.33 and —0.25 between corpus luteum weight and progestins 
during the last two trimesters of pregnancy may be biologically significant, 
since this represents about a 2-ug. decrease per l-g. increase in corpus luteum 
weight. Quite a different relationship might be observed if enough assays were 
made on corpora lutea during their growth phases. The data for 16 to 89 days 
suggest such a possibility. 

Cows with larger corpora lutea also tended to have heavier ovaries and 
heavier adrenals (P < 0.05). This can not be interpreted, since age and size of 
cow may be some of the determining factors. 

Progesterone/gram was not highly correlated (0.21, P < 0.05) with 20 B-ol/ 
gram of corpus luteum. Though approximately 70% of the progestins in a 
corpus luteum is progesterone, there was a wide and apparently random varia- 
tion between individual cows at each of the three stages of pregnancy. The 
biological significance of 20 B-ol is not understood, though it does show biological 
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activity (38) and is considered a metabolite of progesterone (37). If the latter 
is entirely true, then the quantities in an individual corpus luteum may be 
higher or lower, depending on the time between slaughter and rapid freezing 
of the tissue. 

Progestins per gram. Analysis was finally made on progestins per gram of 
corpora lutea, ovaries, and adrenals, since results from the previous sections do 
not indicate serious biases in this procedure. The results are shown in Table 3. 

The progesterone per gram of corpus luteum averaged 20.4 and this was 
significantly higher than from 90-179 days (P < 0.01) but not for over 180 days. 
The 20 B-ol averaged 13.2 pg/g, which was also significantly higher than 90-179 
or over 180 days of pregnancy (P < 0.005). The 16-89 day group average of 
33.6 pg/g of progestins was significantly higher than 90-179 days (P < 0.005), 
but not distinctly higher than after 180 days of pregnancy (P < 0.25). The 
corpus luteum after 180 days of pregnancy contained more progesterone 
(P < 0.10), a similar quantity of 20 B-ol, and more total progestins/gram 
(P < 0.10) than during the interval of 90-179 days of pregnancy. 

The mean values listed for progestins of the ovaries and adrenals represent 
upper limits. Since the limit of quantitative measurement of progestins on a 
paper chromatogram was about 3 yg., all values falling below 3 ng. were recorded 
as < 3 pg. and this figure was used for subsequent calculations. Because of the 
low concentrations of the progestins in ovaries and adrenals, a majority of these 
samples were in the < 3 ug. group. It is recognized that this treatment will 
result in a skewed distribution, so that in contrast with the case of corpora lutea, 
the standard errors for ovaries and adrenals are only approximations. 

The combined weight of the ovaries less the weight of the corpus luteum 
averaged 18.2 g. from 16 to 89 days of pregnancy, which was significantly 
heavier than ovaries after this time (P < 0.05). The progesterone, 20 £-ol, or 
combined progestins in the ovaries did not vary during pregnancy, nor was 
there any variation in size or progesterone content of the adrenal glands. 
Though progestins/gram or adrenal tissue are shown in Table 3, the compound 
indicated as 20 B-ol was not identified beyond its chromatographic properties 
in the Bush Skellysolve B-95% methanol system. Thus, it may be some other 
closely related compound. 

General discussion. Although progesterone has been isolated and identified 
as the major progestin in the bovine corpus luteum (11), how essential this 
structure is to pregnancy maintenance in this species still remains controversial. 
Attempts to explain the role of the corpus luteum of pregnancy through ex- 
tirpation have yielded variable results. 

Gorski et al. (11) have recently isolated and identified 20 £-ol from bovine 
ovaries. Both the 20 a-ol and 20 £-ol have been isolated and identified in human 
ovaries and placentae (24, 29, 36, 37). Since 20 £-ol has two times the activity 
of progesterone in the Hooker Forbes test on mice, and though only one-fifth 
the activity of progesterone in the Clauberg test on rabbits (37), it may well 
be of major physiological importance in the bovine. Gorski et al. (12) found 
that the corpus luteum of pregnancy was the major source of 20 8-ol and that 
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it was present in concentrations of one-fifth to two-fifths that of progesterone. 
In the present study, progestins in the corpora lutea were 68% progesterone. 

Progesterone has been isolated from extracts of the bovine adrenals by 
various workers (2, 3, 4, 12) and accordingly has been suggested as an extra- 
ovarian source of this steroid during pregnancy. In addition, Balfour et al. (3) 
have reported the isolation and identification of 20 a-ol from the effluent blood 
of the adrenal gland of young calves. Gorski et al. (12) found relatively low 
levels of progesterone present in the adrenal as compared with the corpus luteum 
of pregnancy. The fact that these levels are low (Table 3) does not preclude 
the notion that the adrenal glands do or may be able to adapt to insufficient 
supplies of progestins from ovarian sources during later stages of pregnancy. 
This may explain the inconsistent results observed following removal of the 


corpus luteum (20) or the entire ovary (7, 26, 27) during late gestation in the 


bovine. 

Although the placenta of various species contain significant quantities of 
progestins, this does not seem to be true for the bovine (10, 12, 30). However, 
in one study the placenta of the bovine was implicated as a source of progesterone 
(22). 

The results of our study are similar to those reported to Kaay (17). He 
found that the progesterone content of the corpus luteum of pregnancy in the 
bovine was highest during the third month. Contrary to these findings Melampy 
et al. (22), using a different method, reported that the progesterone content of 
the corpus luteum and of the residual ovarian tissue were greatest during the 
period between 90 to 129 days of gestation. He also reported that the proges- 
terone content of the adrenal gland reached a maximum during the period 
between 170 to 209 days of pregnancy. No similar peak of activity of the 
adrenal glands was found in this study. 

It is apparent from the present data that the corpus luteum as a source of 
progestins is most critical during the first 3 mo. of pregnancy, and thereafter 
declines in function. This decline may indicate that: (1) After the third month 
lower levels of progestins are required by the bovine in maintaining pregnancy 
to normal birth; (2) a combination of progestins elaborated by the adrenal 
gland and ovaries is at least partially sufficient for pregnancy maintenance; 
(3) an extraovarian source of these hormones exists but has as yet not been 
found or, (4) other progestational compounds exist in the bovine. This study 
suggests that the corpus luteum remains functional throughout pregnancy and 
is probably essential throughout for normal maintenance of pregnancy in the 
bovine, since the levels apparently were increasing during the last trimester of 
pregnancy. 
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UTILIZATION OF CARBOHYDRATES INTRODUCED DIRECTLY INTO 
THE OMASO-ABOMASAL AREA OF THE STOMACH OF 
CATTLE OF VARIOUS AGES? ? 


J. T. HUBER,’ N. L. JACOBSON, A. D. McGILLIARD, ann R. S. ALLEN 


Department of Animal Husbandry, Iowa State University, Ames 


SUMMARY 


Blood reducing sugar responses were measured in dairy animals of five age groups 
(mean ages: 22, 50, 136, 227, and 600 days) following ingestion of single test meals of 
each of the following in water: glucose, maltose, lactose, sucrose, amylose, amylopectin, 
Flojel (acid-treated starch), and tapioca starch. Rate of administration was in proportion 
to body weight. Maximum increases in blood sugar levels in mg.% after carbohydrate 
ingestion at the five suecessive ages, from the youngest to the oldest, were glucose: 134, 
130, 76, 82, 50; lactose: 147, 117, 36, 37, 14; maltose: 31, 72, 30, 34, 17. Sucrose and 
starch did not cause any appreciable change in blood reducing sugar at any age. Ingestion 
of sucrose and maltose caused diarrhea at all ages, but diarrhea due to glucose and lactose 
was more frequent in the older than in the younger animals. No diarrhea resulted from 
ingestion of starch. 

Intravenous injection of glucose (0.3 g. per kilogram of body weight) prior to 
ingestion of carbohydrate increased the sensitivity of blood reducing sugar as an estimator 
of absorption. The onset of absorption of hydrolytic products of starch, however, was too 
late for the single glucose injection, at feeding time, to be of maximum value. Absorption 
of ingested carbohydrates appeared to begin at approximately the following times (in 
minutes) after ingestion: glucose 15; maltose and lactose, 30; starches 30-60. 

Blood sugar responses to starch administration were moderately increased when the 
starches were autoclaved (at 15 p.s.i. for 30 min.) or heated in water suspension until 
gelling oceurred. 





During the first few weeks of life, the dietary needs of the calf are furnished 
mainly by liquid feeds which bypass the rumen and are digested in the abomasum 
and small intestine by enzymes of animal origin. Under feeding conditions 
which encourage functional development of the rumen, the calf can be weaned 
at about 4 wk. of age, thus reducing the need for digestion and absorption of 
carbohydrates in the portion of the digestive tract posterior to the rumen. 

Until recently, it was generally assumed that digestion of carbohydrates 
posterior to the rumen in the bovine was similar to that in nonruminants. 
Recent reports (3, 19, 20) have shown that some similarities exist; however, a 
number of differences also have been demonstrated. For example, it has been 
reported that the level of production of intestinal lactase is high at birth in 
both the pig and the calf, with a subsequent decrease at an early age (1, 4, 5, 
8-10, 21). On the other hand, activities of intestinal maltase and pancreatic 
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amylase are very low and intestinal sucrase has not been detected in the calf 
from birth to 2 mo. of age (4, 5, 8, 9). In the pig, levels of these enzymes are 
low at birth, but increase manyfold by 5 wk. of age (1, 11, 13, 21). 

Responses in blood reducing sugar to ingestion of a given carbohydrate have 
been employed as a measure of apparent utilization of carbohydrate in calves. 
Results of these studies have consistently shown good utilization of glucose and 
lactose, fair utilization of maltose, and poor utilization of starch and sucrose 
(4, 5, 14, 15, 19, 20). Such investigations have, for the most part, been limited 
to animals of less than 3 mo. of age with little emphasis having been placed 
upon change in response to age. 

It was the purpose of the present study to evaluate, by use of blood reducing 
sugar responses, the ability of the bovine (at ages ranging from approximately 
2 wk. to 2 yr.) to utilize carbohydrates when introduced directly into the 
omaso-abomasal area. 

EXPERIMENTAL PROCEDURE 


Animals. Twenty-three animals of the Iowa State University dairy herd 
were used in this experiment. Mean ages (in days) for the five age groups 
employed, with the age ranges in parentheses, were: 22(11-30), 50(40-60), 
136 (94-160), 227(212-259), and 600(482-744). Animals in the two younger 
groups were fed a limited quantity of whole milk and received starter and hay 
free choice, whereas those in the three older groups were allowed to consume 
alfalfa hay ad libitum and a maximum of 4 lb. of a concentrate mixture per 
day. The 136-day-old group was fed a small amount of milk during the experi- 
mental period to encourage retention of the suckling habit. There were usually 
four (but in a few eases six) animals employed in each age group. 

Treatments. Twelve hours prior to treatment all feed except water was 
withdrawn from the animals. Treatment consisted of delivery of a 5% carbo- 
hydrate solution (10% in the 600-day-old group) into the omaso-abomasal area 
at a level of 2 g. carbohydrate per pound of body weight (1 g. in the ease of 
amylose, because viscosity is so greatly increased by adsorption of water). Carbo- 
hydrates employed were glucose, lactose, maltose, sucrose, amylose, amylopectin, 
Flojel,* and tapioca starch. In the control diet an equal amount of water con- 
taining no carbohydrate was fed. Each animal of the three older groups re- 
ceived all nine treatments in a random sequence. Calves of the two younger 
ages received four or five treatments at 2 to 4 wk. of age and the remaining four 
or five at 6 to 8 wk. 

Carbohydrate solutions were given by nipple pail to the three younger 
groups. Animals of the two older ages were fitted with rumen fistulas. A 
stomach tube, used for delivery of solutions, was passed through the rumen 
(via the fistula) into the reticulo-omasal orifice. The anterior end of the tube 
was positioned in the omaso-abomasal area approximately 6 to 8 in. posterior 
to the reticulo-omasal orifice. 


* Acid-treated, slightly solubilized corn starch obtained from National Starch Products, 


Ine., Plainfield, New Jersey. 
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Collection and analysis of blood. Just prior to carbohydrate administration 
and at 0.5, 1.0, 1.5, 2.0, 3.0, 5.0, and 8.0 hr. thereafter, jugular blood samples 
(about 15 ml. each) were collected in flasks containing potassium oxalate and 
sodium fluoride. Blood was analyzed for total reducing sugars according to the 
method of Nelson (17) and data are presented as milligrams glucose per 100 ml. 
of whole blood (mg. %). 

The consistency of feces voided during the 8 hr. subsequent to carbohydrate 
administration was rated from zero (normal, firm feces) to four (watery feces). 

Supplementary studies. There were two supplemental phases in these investi- 
gations. In one, the starches were subjected to one of the following treatments 
before being given to the animals: 1. Gelling: A 10% starch suspension was 
heated to 70° C. for 10 min. (Amylose would not gel under these conditions.) 
2. Autoclaving dry: Dry starch was placed in an autoclave at 15 p.s.i. for 30 
min. After autoclaving the starch was made into a 10% suspension with water. 
3. Autoclaving in suspension: A 10% starch suspension was prepared with hot 
water (55° C.) and autoclaved at 15 p.s.i. for 30 min. Four animals (fitted 
with rumen fistulas) ranging in age from 40 to 50 wk. received the treated 
starches in a random sequence. Procedures for administration of carbohydrate 
and for sampling and analyses of blood were similar to those previously men- 
tioned. The feeding level differed in that treated starches were administered 
at a rate of 1 g. per pound of body weight, the lower level being used because 
of the problem of viscosity. 

In the second phase of the supplementary studies, two fistulated steers, about 
40 wk. of age, were intravenously infused (into the jugular vein during a 3-min. 
period) with 0.3 g. glucose per kilogram body weight immediately prior to 
delivery of carbohydrate into the omaso-abomasal area. With the exception of 
taking blood samples also at 2 and 20 min. after injection, all procedures were 
similar to those described previously. 


RESULTS AND DISCUSSION 

The post-prandial changes in blood reducing sugar following ingestion of 
the different carbohydrates at the various ages are shown in Figure 1. Data 
for the four types of starches were combined, because differences among them 
were small. Tables 1 and 2, respectively, present the effect of age on the maxi- 
mum increases and mean changes in blood reducing sugar levels due to carbo- 
hydrate ingestion. Each mean change value is the average for each treatment 
group within a particular age. Mean change was calculated by totaling the 
differences between the initial blood sugar level and those determined (or de- 
rived by interpolation) at every 1% hr. for 5 hr. after carbohydrate ingestion ; 
this total was divided by the number of observations (ten). 

Marked differences in blood reducing sugar response to the ingested carbo- 
hydrates within age groups were noted. Ingestion of glucose and lactose, for 
example, caused increases of about 130 mg.% in 3-wk.-old animals, whereas 
maltose administration to calves of this age resulted in a rise of only about 30 
mg.% and the effects of sucrose and starches were negligible. At all subsequent 
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ages tested, increases resulting from ingestion of glucose were greater than for 
other carbohydrates. Responses to lactose and maltose were quite similar in 
animals of the three older age groups (Figure 1). 

These results support other studies (4, 5, 7, 19, 20) which have shown that 
glucose and lactose are well utilized by the young calf and, therefore, are su- 
perior to other carbohydrates such as maltose, sucrose, and starch, which are 
poorly utilized, for inclusion in milk replacers. Earlier investigations with the 
ealf (4, 5, 9, 10) showing high levels of intestinal lactase, low levels of in- 
testinal maltase and pancreatic amylase, and no intestinal sucrase lend support 
to the present findings. 
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Fig. 1. Effect of ingestion of various carbohydrates into the omaso-abomasal area upon 
blood reducing sugar levels at various ages. 


The response of calves to ingestion of carbohydrates was very markedly 
affected by age (Tables 1 and 2 and Figure 1). A decrease in maximum rise 
after administration of a constant quantity of glucose (relative to body weight) 
with increasing age has been suggested in other studies (2, 4, 5, 12), but has 
not been so clearly demonstrated as in the present experiment. A decreased 
rate of glucose absorption from the small intestine or an increased rate of re- 
moval from the blood are possible reasons for this phenomenon. The removal 
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TABLE 1 
Maximum increase in blood reducing sugar after carbohydrate ingestion 
Difference 
required 
Mean age for sig- 
-_—-— —- ———-- nificance 
Treatment 22 50 136 227 600 at P= .05* 
——_——(mg. %)—————_- — 
Control 0.8 2.5 3.9" 1.3 9.7 4.7 
Glucose 134.3 129.5 76.4 82.4 50.2 45.3 
Lactose 147.7 116.8 35.8 37.4 13.8 61.2 
Maltose 30.5 72.4 30.2 ° 34.3 17.0 15.4 
Sucrose 8.1' Pi he 7.6 10.7 10.9 10.7 
Amylose 0.6 5.5 11.9 9.5 12.7 8.9 
Amylopectin 1.7 7.8 7.3 10.0 11.2 5.3 
Flojel 1.5 5.9 iF § 9.5 16.4 10.3 
Tapioca 2.1 4.8 6.0 9.4 ta 6.3 
Difference required to be 
be significant at 
P= .05* 26.0 24.3 10.0 15.7 7.3 
* Calculated according to Dunean (6). 
> Mean of two animals. 
©Mean of six animals. All values except those noted in footnotes ” and represent 


averages of four animals. 


rate of injected glucose from the blood has been shown to decrease with age 
(16) ; therefore, a decrease with age in rate of absorption seems to be the more 


plausible explanation. 


The decrease with age in response to lactose was even greater than that for 
glucose (Tables 1 and 2). A similar decrease (values for 8-wk.-old vs. 2-wk.-old 
calves) was shown by Dollar and Porter (4, 5); however, no decline was ob- 
served by Velu et al. (20) in calves from 1 to 10 wk. of age. Large quantities of 


TABLE 2 


Mean change in blood reducing sugar after 


carbohydrate ingestion 

















Difference 
required 
Mean age for sig- 
—- a nificance at 
Treatment 2 50 136 227 600 at P = .05* 
(mg. Yo) 
Control -11.8 TA 0.2” —5.6 3.6 10.7 
Glucose 77.5 78.3 45.1 49.3 27.4 49.0 
Lactose 86.6 53.0 18.9 24.1 8.0 31.8 
Maltose 10.5 23.9 17.4° 16.0 7.5 12.5 
Sucrose a as —a 3.5 2.5 4.4 7.5 
Amylose —9.0 0.7 6.0 2.7 7.2 11.9 
Amylopectin -§.2 2.8 2.1 4.7 4.8 6.3 
Flojel 4.0 “i 4.1 1.9 8.2 9.6 
Tapioca -6.4 —£3 23 15 1.8 7.6 
Difference required to 
be significant at 
P= .05* 18.4 20.8 10.1 14.1 6.4 
* Calculated according to Dunean (6). 
> Mean of two animals. 
© Mean of six animals. All values except those noted in footnotes ° and ° represent 


averages of four animals. 
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lactose (2 g. per pound of body weight) were administered at weekly intervals 
in the Illinois study (20) and may have resulted in maintenance of higher 
lactase levels during the experimental period than in the other studies in which 
the lactose meals were given to animals less frequently. A decrease in intestinal 
lactase activity in the calf between birth and 8 wk. was reported recently 
(4, 5, 9, 10) and helps to explain the decrease in apparent utilization of lactose. 
The same factor causing a decrease with age in response to glucose may also 
have been partially responsible for the large decreases with age observed for 
lactose. 

Increases in blood reducing sugar resulting from ingestion of maltose were 
twice as great at 6 to 8 wk. of age as at 2 to 4 wk.; subsequently, a decrease 
occurred (Table 1). Responses to ingested maltose prior to 3 wk. of age have 
been shown by other workers to be negligible (4, 5, 19, 20). Earlier studies at 
lowa State University (9, 10) indicated that levels of maltase in tissue of the 
small intestine are low at birth and change little up to 6 wk., whereas other 
researchers (4, 5) obtained a threefold increase in maltase between 2 and 8 wk. 
The ration in the latter studies contained considerably more starch than the 
former, which may at least partially explain the differing results. 

Under a normal feeding regime, the calf may have its greatest need for 
maltase at 6 to 8 wk. of age because of a more rapid passage of ingesta from 
the rumen as a result of a relatively limited capacity and/or less active rumen 
fermentation. Therefore, it is conceivable that some starch, in a semi-degraded 
state, may pass from the rumen to the small intestine where enzymes of animal 
origin (amylase and maltase) continue digestion. In older animals on a normal 
hay-grain ration, it has been shown that intestinal digestion of carbohydrates 
was negligible because only small amounts of starch escaped rumen fermentation 
(2). 

In preliminary work, the delivery of glucose directly into the rumen of 7- 
to 10-wk.-old animals resulted in the appearance of two peaks (at 0.5 and 2.0 
hr.) in the glucose tolerance curve, which may indicate absorption of glucose 
from both the rumen and the small intestine. In older animals, there was only 
one peak which appeared at 0.5 hr., indicating the absorption of very little 
glucose from the small intestine. These results suggest that some carbohydrate 
may escape fermentation in the rumen of young ruminants (by passage down 
the gastrointestinal tract), thus making it available for intestinal digestion and 
absorption. 

The failure of blood sugar to respond appreciably to ingestion of sucrose 
and starch is in agreement with reports of other workers for young calves (4, 
5, 7, 14, 18, 20) and for 9-mo.-old steers (14, 15). Enzyme studies in calves 
from birth to 8 wk. of age have shown the presence of some pancreatic amylase 
and no intestinal suerase (4, 5, 9, 10). A very slow, but rather extensive, 
breakdown of starch may have occurred in the older animals with only a minor 


effect on blood reducing sugar values. From the considerably greater response 
to maltose than to starch, it is evident that sufficient maltase was present to 
further degrade to glucose the maltose which might have resulted from hydroly- 
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sis of starch. Probable factors limiting, or retarding rate of, starch digestion 
in the intestine are: secretion of an insufficient amount of amylase, insolubility 
of starch in water, and impenetrability of the starch granule by the enzyme. 

The data in Table 3 indicate that incidence of diarrhea was inversely related 
to utilization of ingested sugars. Sucrose was poorly utilized and caused 
diarrhea at all ages. Apparent utilization of glucose and lactose decreased with 
age while diarrhea, subsequent to feeding these carbohydrates, increased with 
age. Despite its apparent indigestibility by younger animals, starch did not 
increase fluidity of feces. Due to its insolubility in water, the hydragogue effect 
of starch was probably much less than that of the sugars. Possibly, if starch 
is to cause diarrhea, it must be fed at relatively high levels for a period of time 
of sufficient length for degradation products, resulting from microbial fermenta- 
tion, to accumulate in the cecum and colon. 


TABLE 3 
Effect of ingestion of various sugars on incidence and severity of diarrhea 








Av. time 
Mean No. times Av. fecal to onset of 
age No. obser- diarrhea consistency diarrhea 
(days) vations observed score“ (hr.) 
Glucose 
22 6 2 1.0 11.0 
50 + 4 3.0 8.0 
136 6 6 2.8 4.3 
227 4 4 2.0 5.8 
600° 
Lactose 
22 4 0 0.0 
50 4 2 3.5 8.0 
136 6 4 3.0 7.3 
227 4 6 3.5 8.0 
600 2 2 2.0 7 
Maltose 
22 4 + 3.5 4.3 
50 4 4 3.3 5.5 
136 4 + 2.8 6.0 
227 4 4 3.5 8.0 
600 2 2 3.0 5.0 
Sucrose 
22 8 8 3.4 3.3 
50 6 6 3.7 2.3 
136 2 2 3.0 2.0 
227 8 5 2.6 6.3 





600 6 6 3.0 8.0 
* Rated from 0 (normal, firm feces) to 4 (watery feces). 
» No observation. 


Subjection of the various starches (with or without added water) to heat 
resulted in slightly, but consistently, greater blood sugar responses than were 
observed in animals of a comparable age which received untreated starch 
(Table 4). Amylose seemed to be affected more by treatment than were the 
other starches; however, all of the treated starches were fed at a level of 1 g. 
per pound body weight because of high viscosity, whereas only untreated amy- 
lose was fed at this level. Other untreated starches were fed at a 2-g. level. 
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Thus, the effect of treatment of starches other than amylose may not have been 
fully demonstrated. Little difference between the types of treatment was noted. 
In a study by Okamoto et al. (19), the addition of amylase to cooked starches 
caused a noticeable increase in their utilization; however, this enzyme did not 
affect use of raw starches. Further studies of possible methods of making starch 
more digestible by the calf through heat, chemical, and enzyme treatments are 
needed. 

Injection of glucose preceding ingestion of carbohydrate was designed to 
maintain blood sugar levels at an elevated position during the period of diges- 
tion. It was anticipated that this would increase sensitivity of the measurement 
and thus detect absorption of hydrolytic products, particularly of starch, des- 
pite the possibility of a relatively slow rate of hydrolysis. A similar technique 
has been used successfully in studies of human diabetics to assess the digestion 
and absorption of starch. Even though some utilization of starch was indicated 
in the present study by the small differences between starch-fed and control 
animals (those receiving only the injection), it is probable that blood sugar 
levels had returned to nearly normal before the period of starch digestion (Fig- 










































ure 2). It is, therefore, proposed that in using such a method in the bovine, 
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TABLE 4 
Effect of treatment of starches on blood reducing sugar responses * 





Treatment 





Autoeclaved Autoclaved 
Starches Untreated Gelled dry in water 
$$$ _______—_—_—_——_(mg. %) 
Maximum increases 
Amylose 9.5 28:1" 18.6 
Amylopectin 10.0 12.9 12.1 15.9 
Flojel 9.5 14.2 10.3 10.6 
Tapioca 9.4 16.1 10.7 16.5 
Mean increases 
Amylose 2.7 12.0 9.1 
Amylopectin 4.7 5.4 6.2 8.8 
Flojel 1.9 6.9 5.0 2.0 
Tapioea 1.5 5.2 3.2 8.7 


* Each value is an average of four animals. 
» Significantly higher (P < .05) than Flojel and tapioca treated in a similar manner. 


the infusion of the glucose be continuous or that a single injection be admin- 
istered somewhat later than the ingestion of starch. 

Blood sugar curves of animals receiving only the injected glucose followed 
an exponential decrease with respect to time. When calves ingested glucose, 
lactose, or maltose, in addition to the injection, blood sugar decreases tended 
to plateau. Only slight plateauing was noted with starch. The specific time 
of departure from the exponential may serve as an indication of the interval 
of time between ingestion and the onset of absorption of these sugars (or their 
hydrolytic products). Apparent absorption following feeding of glucose began 
at about 15 min. after ingestion. Similar values for maltose and lactose were 
30 min. and for starches were 30 to 60 min. 

It has been shown that apparent utilization of several carbohydrates, when 
introduced posterior to the rumen, is greatly affected by the age of the animal. 
Further studies to investigate the mechanisms responsible for these changes 
would be worth while. Moreover, additional research is needed to clearly 
elucidate the extent to which starch and sucrose are utilized when introduced 
posterior to the rumen of the bovine. Digestion studies designed to help clarify 
the latter will be reported in a subsequent paper. 
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SUMMARY 


Absorption of volatile fatty acids (VFA) and lactie acid from the omasum of 4- or 5- 
mo.-old Holstein calves was studied by two methods. The first consisted of a study of the 
relative concentrations of these acids in the contents of the stomach compartments of six 
calves in relation to concentrations of chromic oxide remaining from previous oral 
administration. On a dry matter basis, levels of chromic oxide increased in order from 
the rumen, to the reticulum, to the omasum, to the abomasum; and, in the same order, 
VFA declined. The ratios of VFA to chromic oxide indicated a decrease in VFA of 51% 
from the reticulum to the omasum and a further decrease of 83% from the omasum to 
the abomasum. 

The second method involved injection of sodium-n-butyrate-1-C™ into the exteriorized 
omasum of two calves. Organic acid levels and distribution of C“ activity were determined 
on samples of blood drawn simultaneously from the omasal vein and the carotid artery at 
various time intervals during 1 hr. following injection. The animals then were sacrificed 
and concentrations of acids and distribution of label in the ingesta of the stomach com- 
partments were studied. Butyrate-C“ was absorbed rapidly from the omasum into the 
blood of the omasal vein, peak concentrations appearing at 5 to 10 min. after injection. 
Labeled metabolite continued to be absorbed throughout the experiment. Conversion of 
butyrate to other VFA oceurred in the omasum, as indicated by the presence of label in 
the acids isolated from ingesta in that organ. The appearance of 50% of the recovered 
label in omasal blood in the form of lactic acid suggests an unknown pathway for the 
conversion of butyrate to lactate by omasal epithelium. Average concentrations of 
butyric, propionic, and acetic acids were greater in the omasal vein blood than in the 
carotid artery blood; the reverse was true for lactic acid. It is concluded that absorp- 
tion of organic acids does occur from the omasum and apparently in considerable 
magnitude. 


The role of the omasum in ruminant digestion and metabolism of foodstuffs 
is not clearly understood. Beeause of a relatively high dry matter content of 
the ingesta contained in the organ, it has long been suspected that absorption 
of water occurred therefrom. Raynaud and Bost (12) demonstrated that such 
was the case; they added a polyethylene glycol-water mixture to an exterior- 
ized, ligated sheep’s omasum and noted a loss of water upon passage of time. 
Absorption of volatile fatty acids (VFA) from the sheep’s omasum was demon- 
strated by Gray et al. (7) and Badawy et al. (2) on the basis of lignin-VFA 
ratios observed in the contents of the stomach compartments at time of slaughter. 
Other workers have examined VFA levels in various sectors of the digestive 
tract (4, 6) or in the blood draining these sectors (3). 

The studies to be reported here were undertaken to further characterize 
absorption of VFA and lactie acid from the omasum. 


Received for publication October 19, 1960. 


1 Authorized for publication on October 6, 1960, as Paper No. 2494 in the Journal Series 
of the Pennsylvania Agricultural Experiment Station. 

?Taken in part from a thesis presented by the senior author in partial fulfillment of 
requirements for the M.S. degree. 

* Present address: U. S. Air Force. 








332 R. P. JOHNSTON, JR. ET AL 


EXPERIMENTAL PROCEDURE 


Experiment I involved the measurement of organie acid concentrations in 
the contents of the stomach compartments of 5-mo.-old Holstein calves. For a 
period of 3 wk. prior to slaughter each calf was fed 3 lb. of calf starter daily 
along with ad libitum quantities of alfalfa hay. During the seven days immedi- 
ately before sacrifice one 2.5-g. capsule of chromic oxide was administered at 
both morning and afternoon feedings. Four hours before slaughter each calf 
was given 2.5 g. of chromic oxide, 1.5 lb. of starter, and hay; all uneaten feed 
was removed 2 hr. later. Each calf was stunned and bled, and the abdominal 
viscera were exposed by a mid-ventral incision. Ligatures were applied at the 
esophago-ruminal, reticulo-omasal, omaso-abomasal, and abomaso-duodenal junc- 
tures. The reticulum was opened prior to removal from the abdominal cavity 
and a sample of the contents taken for analysis. Subsequently, the contents 
of the rumen, omasum, and abomasum were removed, sampled, and the weight 
of ingesta determined. 

Dry matter content of the fresh samples was determined in triplicate with 
a Braebender moisture tester. Concentrations of chromic oxide were deter- 
mined on 30 g. of fresh sample, using the method of Schurch et al. (13). A 
portion of the sample of contents was strained through a double thickness of 
cheese cloth, and subsequently the fluid was centrifuged at 18,000-20,000 x g 
for 15 min. in a refrigerated centrifuge. Concentrations of valerie and higher, 
butyric, propionic, acetic, formic, and lactic acids in the supernatant were 
determined by a modification of the chromatographic method of Wiseman and 
Irvin (14). 

In Experiment II, sodium-n-Butyrate-1-C™ was injected into the omasum 
of two anesthetized calves and the appearance of labeled organic acids in blood 
draining the organ was studied. Both animals were 4 mo. of age and had been 
maintained on a diet of alfalfa hay ad libitum plus approximately 3 lb. of calf 
starter daily. Feed was withheld during the night and morning prior to the 
experiment. 

Each calf was anesthetized with sodium pentabarbitol administered intra- 
venously. The carotid artery was exteriorized. By means of a mid-ventral in- 
cision the omasum was exteriorized and turned to permit free access to the 
omasal (left gastric) vein. Fifty-milliliter blood samples were drawn simul- 
taneously from the carotid artery and omasal vein, these samples being desig- 
nated as zero-time samples. By use of a long needle and syringe, a solution of 
sodium-n-butyrate-1-C!* was injected into the omasal cavity. An attempt was 
made to distribute the solution at various levels in the organ by gradually with- 
drawing the needle as the butyrate was discharged. Forty-five milliliters of 
solution, containing 90 ue. of Ci (2.16 mg.) were injected into the omasum of 
Calf 1; and 40 ml., containing 80 pe. of C™ (1.87 mg.) were administered to 
Calf 2. Blood samples were drawn simultaneously from the omasal vein and 
carotid artery at 5-min. intervals for 30 min. and at the end of 1 hr. after 
injection. The animals then were sacrificed and contents of the rumen-reticulum, 
omasum, and abomasum were sampled and prepared for analysis as in Experi- 


ment I. 
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Blood filtrates (1:10) were prepared using a cadmium sulfate—sodium hy- 
droxide method (9). The filtrate was made alkaline, evaporated to dryness, 
and the salts taken up in a small quantity of acidified water. This solution was 
placed on a column (14) and concentrations of the individual acids determined 
as in the ease of ingesta fluids. 

Sodium salts of the organic acids isolated from blood and ingesta samples 
were dried on aluminum planchets and assayed for radioactivity with a thin 
window, gas-flow Geiger Meuller counter. 


RESULTS AND DISCUSSION 


Experiment I. Concentrations of VFA in the ingesta samples from slaugh- 
tered calves were calculated on a molar basis (Table 1). Average molar per- 














TABLE 1 
Concentrations of organic acids and chromic oxide in the stomach of 5-mo.-old calves* 
Rumen Reticulum Omasum Abomasum 
Volatile fatty acids 
(molar %) 
Cs and higher 1.6 1.6 2.0 6.8 
Cs 10.1 10.3 10.7 12.9 
Cs 19.6 17.8 19.2 22.6 
Cs 67.5 68.8 66.5 49.9 
Ch 1.2 1.6 1.5 7.8 
Volatile fatty acids 
(mg/100 g. D.M.) 
Cs and higher 111 118 84 50 
C, 587 654 375 77 
Cs 958 975 572 118 
Cs 2,658 3,019 1,582 218 
Ci 38 53 28 24 
Total VFA 4,739 4,819 2,645 487 
Lactie acid (mg/100 g. D.M.) 48 86 47 78 
Chromie oxide (mg/100 g. D.M.) 197.2 264.4 301.1 338.3 
Ratio of VFA:Cr.0;° 22.4 18.3 8.9 1.5 
+2.8° +38 +2:3 +0.7 


“Data presented are means of six animals. 

> Expressed as the ratio of milligrams VFA per 100 g. D.M. to each milligram of Cr.Os 
per 100 g. D.M. 

° Standard deviation. 





centage values of 1.6, 10.1, 19.6, 67.5, and 1.2 for valerie and higher, butyric, 
propionic, acetic, and formic acids, respectively, were noted in the rumen con- 
tents. Practically the same values were obtained in samples from the reticulum 
and omasum. A marked increase was observed in the molar percentage of valeric 
and higher and formic acid fractions of abomasal ingesta; and, to a lesser 
degree, butyrate and propionate values also increased. These increases resulted 
in a marked depression in the molar per cent of acetate. However, when only 
butyrate, propionate, and acetate are considered, the molar ratios remained 
close to those found in the previous compartments. It appears that if absorp- 
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ou 


tion does occur from any compartment other than the rumen the relative rates 
of absorption of the three principal VFA remain constant. The dry matter 
contents of the rumen, reticulum, omasum, and abomasum averaged 15.7, 10.7, 
19.9, and 14.0%, respectively. Considerable dehydration occurred in the oma- 
sum. On a dry matter basis, the concentration of VFA increased slightly from 
the rumen to the reticulum, after which there was a marked decline in the 
omasum followed by an even greater decline in the abomasum. This trend was 
similar with each of the VFA. The concentration of lactic acid also increased 
from the rumen to the reticulum and decreased in the omasum, but increased 
in the abomasum. 

Mean chromic oxide concentrations increased progressively from 197.2 mg. 
per 100 g. dry matter in the rumen to 338.3 mg. in the abomasum, Table 1. 
The process of fermentation would be expected to decrease some of the com- 
ponents of the dry matter and thereby account for the increase in indigestible 
chromie oxide. The ratio of total VFA to chromie oxide declined from the 
rumen (22.4) to the reticulum (18.3) to the omasum (8.9) to the abomasum 
(1.5). This was representative of the decline in the ratio of each of the indi- 
vidual VFA to chromic oxide, with the possible exception of formic acid. No 
trend was observed with respect to lactic acid. These data indicate that VFA 
decreased by 18% from the rumen to the reticulum, 51% from the reticulum 
to the omasum, and 83% from the omasum to the abomasum. 

The dehydration of ingesta, the decrease of VFA concentrations, and the 
VFA-chromic oxide ratios all indicate that considerable absorption of VFA 
occurs in the omasum. These data support those of Badawy et al. (2) and Gray 
et al. (7). 

Experiment IIT. Contents of the rumen-reticulum, omasum, and abomasum 
were removed from the stomachs of two calves after the 60-min. blood samples 
had been obtained following the injection of carboxyl-labeled butyrate into the 
omasum. Normal contractions of the stomach had been disrupted by the anes- 
thesia, thus inhibiting flow of ingesta; however, the omasal junctures were not 
ligated. The per cent dry matter (Table 2) of the omasal contents was higher 
than was observed in the calves in Experiment I; in addition, the weights of 
contents found in the various compartments were lower. The two calves in- 
volved in this experiment had been fasted for approximately 18 hr. before 
sampling. 

Molar proportions of the various organic acid fractions of the ingesta 
samples are presented, Table 2. Lactic acid was found in considerable amounts 
in the abomasal contents of Calf 1, thus depressing the molar percentage values 
for the various VFA. Somewhat more formic acid was noted in the ingesta 
samples from these two calves than was noted in Experiment I. The proportion 
of butyrie acid appeared to be slightly depressed in omasal contents. Actual 
levels of total organic acids found in the ingesta of these calves were lower 
than those noted in Experiment I, most likely as a result of the fasting condi- 
tion. Only a slight depression was noted between the rumen-reticulum and the 
omasum, but in both calves abomasal levels decreased to about 7 wm. per milli- 
liter, compared to omasal levels of approximately 90 yum., Table 2. 
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Distribution of radioactivity in the stomach contents is presented, Table 2. 


These contents had been sampled more than an hour after injection of the 
labeled butyrate. While the largest amount of activity was found in the omasal 
ingesta, some label did appear in the other compartments, an indication of 
leakage from the omasum. There was apparent conversion to other acids in 
the omasum. In both calves approximately 60% of the C14 was found in the 
acetate fraction of omasal contents, 20 to 25% in butyrate, and the remainder 
distributed among the other VFA present. The pattern of distribution of label 
in rumen-reticulum contents of the two calves was different, with more label 
appearing in butyrate, and less in acetate, in Calf 1 than in Calf 2. The frac- 
tions of total injected activity remaining in the stomach contents amounted to 
74.5% in the case of Calf 1 and 31.1% in Calf 2. The unaccounted-for portions, 
25.5% and 68.9%, respectively, are attributed to absorption or other losses 
from the organs. 

The concentrations of the organic acids found in omasal and carotid blood 
are presented, Table 3. Total concentrations, expressed as micromoles per 10 
ml., agreed well between calves and usually were lower in carotid than in omasal 
blood. In spite of some fluctuations, no pattern of change in relative propor- 
tions of the individual acids was apparent during the 60-min. sampling period. 
Surprisingly high concentrations of lactic and formic acids were noted in the 
blood samples obtained from both calves. These levels are much higher than 
those previously reported (1, 5). The elevated levels may have been associated 
with the fact that the animals in the present experiment were under the stress 
of anesthesia and surgery. The molar percentages of butyric, propionic, and 
acetic acids always were higher in omasal vein blood than in carotid artery 
blood, an indication of utilization of these acids by body tissues. Valerie and 
higher acids showed little change in this respect, whereas lactic acid levels 
appeared to be somewhat higher in carotid blood. 

Total C™ activity of the organic acids was considerably higher during the 
first four sampling periods in the blood of Calf 2 than in that of Calf 1, Table 4. 
It will be recalled that much less of the total injected activity remained in the 
stomach contents of Calf 2 at the end of the experiment. The decidedly lower 
levels of total activity in carotid blood, as compared to omasal, may be ex- 
plained on the basis of dilution and possible utilization by liver and other tissues. 
Peak absorption, as indicated by levels of C' in the blood, appeared to occur 
at the 10-min. sampling time in the ease of Calf 1 and at 5 min. in Calf 2. The 
per cent of total blood activity found in butyric acid appeared to decrease with 
passage of time after injection, while the per cent of total counts in the acetate 
fraction appeared to inerease with time. It is believed that conversion of bu- 
tyrate to acetate occurred within the omasum throughout the hour. It will be 
recalled that C' activity also appeared in the various VFA and lactie acid 
fractions of ingesta. Labeled lactic acid contributed largely to the total activity 
of both omasal and carotid blood. Since the amounts of labeled lactic acid 
present in ingesta of the stomach compartments was negligible, it appears that 
this compound was formed within the walls of the stomach. Specific activity 
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data would indicate that butyrate is the most likely precursor. A conversion 
of butyrate to lactate by an unknown pathway would be in agreement with 
results obtained during liver perfusions (11). It also would agree with the 
glycogenic nature of butyrate demonstrated by Kleiber et al. (8) and Kronfeld 
(10). 
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COMPARISON OF THE DIGESTIBLE DRY MATTER HARVEST FROM 
ORCHARDGRASS AND BROMEGRASS PASTURES BY 
GRAZING COWS! * 
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AND H. G. WEAVER 


Department of Animal and Poultry Seience, University of Delaware, Newark 


SUMMARY 


A comparison of the yield of total dry matter and digestible dry matter from 
orchardgrass and bromegrass pasture plots was made during the pasture seasons of 1957 
and 1958. Both grass species were seeded at the same time (August, 1955) and given 
identical subsequent management. The yields were determined by measuring the total 
harvests grazed by cows for each season. A combination of fecal chromogens and chromium 
sesquioxide indicators was employed. Determinations of yield were made at approximately 
2-wk. intervals throughout the pasture seasons. 

The yield of dry matter from the bromegrass plots was 85.6 and 85.0% of that 
from the orchardgrass in 1957 and 1958, respectively. There was also a significant 
difference in digestibility favoring the orchardgrass. The stand of orchardgrass was 
maintained well throughout the trials, whereas only a poor stand of bromegrass 
survived. 





The measurement of the yield of nutrients from pastures has been a problem 
of interest to numerous workers for many years. Schneider et al. (17) have 
reviewed the methods used and a detailed review will not be given here. Hardi- 
son et al. (7) reviewed the problem of sampling the grazed forage and pre- 
sented data indicating that there was considerable difference between the forage 
available and that grazed. The difference must have been due to selective graz- 
ing. Meyer et al. (12) reported a higher total digestible nutrient content for 
sheep and steers of the grazed forage than that cut and fed, which indicates 
selective grazing on the part of the animals. Weir and Torell (19) and Cook 
et al. (4) have shown hand-plucked samples of range forages to be of quite 
different compositions than the materials harvested by the grazing animals. All 
of these point out that analyses of hand-plucked samples of forages are not 
reliable measures of the composition of grazed forage. 

The chromogens method of Reid et al. (16) offers a method of determining 
the digestibility of grazed forages which does not require samples of the forage 
grazed. The intake of forage by the animal, however, must also be known if 
nutrient intake is to be determined by this method. The combination indicator 
method proposed by Hardison and Reid (6), consisting of an internal indicator 
(echromogens) and an external indicator (chromium sesquioxide), provides a 
method for determining intake. The internal indicator is used to determine 
digestibility and the external one to measure total feces. 
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Numerous reports have shown that when chromium sesquioxide (CreQ3) is 
administered to cattle or sheep the amount in the feces is not uniform (1, 8-11, 
13-15, 17-20). Most workers have reported a diurnal variation and have attrib- 
uted it to the rate of nutrient intake and/or the time of administration of the 
CroO3. Animals on similar feeding regimens exhibit similar excretion curves. 
Putnam et al. (15) reported that the variations are closely related to the time 
of administration of the CroOz and that there are large fluetuations from sample 
to sample, necessitating a relatively large number of samples to be taken if a 
satisfactory average excretion is to be determined. Hardison and Reid (6) and 
Smith and Reid (18) have proposed that composite samples taken twice a day at 
6 A.M. and 4 p.m. will produce estimates of CroOz levels in the feces which will 
closely approximate those obtained from total collections. Putnam et al. (15) 
point out that theoretically 12-hr. sampling intervals are preferred, but that 
the 10- and 14-hr. periods will introduce errors of only 1 to 2%. 

Hardison et al. (5) and Miller et al. (13) have shown that in the case of the 
fecal chromogens there is no significant diurnal variation. Therefore, any 
sampling procedure which adequately accounts for the CreO03 administered 
will also be satisfactory for the measurement of digestibility by the chromogens 
method. 

This paper is a report of the comparative yields of digestible dry matter by 
orchardgrass and bromegrass pastures as harvested by the grazing cow, using 
the combination of internal and external indicators. 


EXPERIMENTAL PROCEDURE 


The total yield of digestible dry matter, as harvested by grazing Holstein 
cows from orchardgrass and bromegrass pastures grown side by side, was com- 
pared throughout the 1957 and 1958 grazing seasons. The number of cows used 
per treatment varied from two to four, so that maximum utilization was made 
of the forage produced. The orchardgrass and bromegrass pastures (1.8 acres 
each) were both divided into eight plots of equal size. A rotational grazing 
system was used over the eight plots for each grass. 

The plot plan of the experimental pastures was as follows: 


O = Orchardgrass B = Bromegrass 
N 
\ 
B4 B3 02 TS ae 
O4 O03 B2 Bl 
O8 O7 B6 Bd 
Be | Ba O6 O5 
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The pastures were seeded in August, 1955. The yield studies were to have 
started in 1956, but a serious contamination with weeds made it impossible to 
compare the grasses at that time. After spraying with selective herbicides and 
clipping the pastures during the 1956 season, the stands in 1957 were relatively 
pure, so that meaningful results could be expected. Each year in March the 
pastures were fertilized with 500 lb. of 10-10-10 per acre. 

In the 1957 season, the cows were moved from plot to plot and the number 
of cows per plot was varied according to the amount of forage available. No 
attempt was made to keep the cows grazing in adjacent plots nor to keep the 
number of cows equal on the two grasses. In the 1958 season, the changes from 
plot to plot were made so that the two groups of cows were always on adjacent 
plots. 

The chromogens method of Reid et al. (16) was used to determine the di- 
gestibility, and the chromium oxide method was used to determine the total 
feces excreted. A minimum of seven days of chromium oxide administration was 
allowed before feeal sampling began. The feces were sampled for a four-day 
period every 2 wk. throughout the entire grazing season. Samples were collected 
at 6 a.m. and 4 p.M., as suggested by Hardison and Reid (6), and the samples 
for the four days were composited for analysis. 

The average daily consumptions of total dry matter and of digestible dry 
matter were determined in each collection period. The collection periods were 
in the second week of each period. The pasture yield was calculated for total 
dry matter and digestible dry matter by (1) the average daily intake for a 
collection period multiplied by the number of cow days for the grazing period 
which it represented (period yields), and (2) adding together all of the period 
yields to get the annual yield. 

The chromogens were determined by the method of Reid et al. (16), the 
chromium oxide by the method of Christian and Coup (3), and the moisture 
determinations were made by the toluene distillation method of Bidwell and 
Sterling (2). 


RESULTS AND DISCUSSION 


The total dry matter and the digestible dry matter harvested per acre by 
the grazing cows and the cow days per acre of pasture are shown in Table |. 


TABLE 1 


Dry matter harvest from orchardgrass and bromegrass pastures 





Cow days of Total dry Digestible 
Grass species pasture matter dry matter 
and year per acre harvested harvested 


————_ ——_—_(lb/acre ) ————————_- 


1957 
Orchardgrass 84 2,985 2,064 
Bromegrass 74 2,553 1,742 
1958 
Orchardgrass 137 3,693 2,661 
Bromegrass 135 3,139 2,092 
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There were dry spells in the summer of both years when there was too little 
forage for grazing. The rainfall and temperature data may be compared in 
Figure 1. The average temperature was higher during the months of May and 
June in 1957 than for the same months in 1958. In 1957, there was a lower 
than normal amount of rainfall in May, July, and August, and cows were grazed 
for only 66 and 57 days, on the orchardgrass and bromegrass, respectively. The 
1958 season was a better pasture year, with a much shorter time when no feed 
was available on the pastures. Both grasses were grazed for 108 days. In 1958, 
the dry matter yield of orchardgrass was 25% and that of the bromegrass 23% 
greater than in 1957. There was more rain every month, with the exception of 
September, during the summer of 1958 than that of 1957. 
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Fig. 1. Average monthly temperature and rainfall, April through October, 1957, and 1958. 


In both years the dry matter and digestible dry matter harvested were greater 
from the orchardgrass pasture than from the bromegrass. In 1957, the brome- 
grass harvest was 85.6% in total dry matter and 84.4% in digestible dry matter 
of the orchardgrass harvest. In 1958, the corresponding harvests were 85 and 
78.7%, respectively. 

In each collection period in 1957, the orchardgrass was slightly more di- 
gestible than the bromegrass (Table 2). The difference was not statistically sig- 
nificant. In 1958, the orchardgrass was more digestible than the bromegrass in 
seven of the eight periods (Table 2). The difference was significant at the 5% 
level. When the data from both years are combined, the difference is significant 
at the 5% level. 

It is of interest to note the differences in the changes in digestibility between 
the 2 yr. The period of relative dormancy seems to have influenced the digesti- 
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TABLE 2 
Dry matter digestibility of orchardgrass and bromegrass pastures 


1957 1958 
Collection Collection 
period Orchard- Brome- period Orchard- Brome- 
dates grass grass dates grass grass 
(o) ——EEE (% )— ee 
5/6 -5/9 70.1 68.9 5/5 -5/8 87.0 75.7 
§/20-5/23 65.3 62.5 5/19-5/23 74.6 68.8 
6/3 —6/6 68.6 6/2 -—6/6 68.4 64.8 
7/1 -7/4 67.8 67.3 6/16-6/20 69.2 65.7 
9/23-9 /26 72.8 72.6 7/28-8/1 70.2 68.2 
8/11-8/13 61.9 63.8 
9/16-9/19 64.8 63.8 
9 /30-10/4 64.2 59.3 


bility of the later growth. In both years, the digestibility in the first period was 
relatively high and dropped appreciably during the next few weeks. In 1958, 
the low point for orchardgrass was in mid-August while the bromegrass plots 
were still dropping in the last grazing period. With the orchardgrass, there was 
a small increase in digestibility when fresh growth was made after short periods 
of poor growing weather. In 1957, when there was no grazing on the plots from 
July 6 to September 16 due to drought conditions, when grazing was resumed 
the dry matter was more digestible than at any other time during that year. 
The length of life of a stand of pasture grass is of considerable practical 
importance. General observations of this factor were made for the orchardgrass 
and the bromegrass pastures. Under the conditions of this experiment, the 
orchardgrass plots were still predominantly orchardgrass at the end of the 1958 
season. The bromegrass plots, on the other hand, were by that time largely 
weeds and volunteer grasses, with only a small amount of bromegrass left. 
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DAILY HERBAGE DIGESTIBILITY UNDER ROTATIONAL AND 
STRIP GRAZING 


A. L. BRUNDAGE 


Alaska Agricultural Experiment Station, Palmer 


SUMMARY 


The apparent dry matter digestibility of daily herbage consumption by eight dairy 
cows, rotationally and daily strip grazing alfalfa-bromegrass pasture (Medicago falcata 
and Bromus inermis) in 1957, was determined from fecal concentrations of plant pig- 
ments. Feces, sampled in the morning and afternoon, were composited into daily and 
three-day running average samples. Digestibility data obtained from the two series of 
samples were similar. Statistical comparison of these data revealed that the three-day 
samples corresponded best with the middle day represented in each composite. Further 
statistical analysis showed significantly higher partial correlations of milk production and 
digestibility independent of the linear effects of time, using data from three-day rather 
than from daily samples. Examining the relationship of daily milk production to time, 
herbage digestibility, and live weight through multiple correlation analyses, it was found 
that milk production was significantly related to all three variables under rotational 
grazing. Although milk production was also related significantly to all three variables 
under strip grazing, the addition of digestibility did not improve the multiple correlation 
of milk production, time, and live weight. 





Brundage and Sweetman have combined the chromium oxide-plant pigment 
indicator techniques with three-day fecal samples to measure daily pasture 
intake and digestibility under rotational and strip grazing (2). Using multiple 
correlation analyses, they showed that daily milk production was significantly 
related to time, digestibility, and live weight under both systems of management. 
Milk production was also significantly related to herbage intake under rota- 
tional grazing. 

These experiments have been continued to study further the relationship of 
milk production to digestibility under rotational and strip grazing. In addition, 
three-day running average fecal samples have been compared with samples 
composited on a daily basis. The use of chromium oxide and the determination 
of fecal output and herbage intake have been discontinued in these investigations. 


EXPERIMENTAL PROCEDURE 


This digestibility study was conducted during 1957, in conjunction with the 
third vear of a 3-yr. investigation into the efficiency of herbage utilization from 
alfalfa-bromegrass pasture (Medicago falcata and Bromus inermis) under ro- 
tational and strip grazing. Details of the over-all design and results of the 
3-yr. trial have been presented previously (1). 

The same procedures have been followed in this study as in the original 
digestibility investigations (2), except for the elimination of chromium oxide 
and determination of fecal output. One half of a seven-acre alfalfa-bromegrass 
pasture was subdivided into three paddocks. These were rotationally grazed by 
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four lactating dairy cows. The remaining half was daily strip-grazed by a 
similar group of four cows. Uniform carrying capacity was maintained under 
each system by confining the rotational group to a paddock until the strip- 
grazed group had covered a comparable area. The pasture was grazed from 
June 3 through June 19, July 8 through August 3, and August 12 through 
September 5. Each paddock was grazed three times, the time on any one paddock 
varying from five to nine days. 

All four cows assigned to each management system were used in the digesti- 
bility determinations. They received no supplemental feed during the experi- 
ment. However, during the two intervals allowed for pasture recovery, the 
cows were placed on other pasture with grain supplementation. 

All cows were weighed every other day prior to going on the pasture after 
the morning milking. Milk production was recorded twice daily and sampled 
every ten days for butterfat analysis (Babeock). Feces were obtained from 
the rectum daily at 7:30 a.m. and 4 p.m. These were composited into two series 
of samples: (1) daily samples, and (2) three-day samples as running averages. 
Both sets of samples were analyzed for plant pigments, using a Beckman Model 
B spectrophotometer set at 406 mp. Feeal concentrations of plant pigments 
were used to compute plant concentrations as eaten and apparent dry matter 
digestibility according to the method of Reid et al. (4). 


RESULTS AND DISCUSSION 

Comparable estimates of herbage digestibility were obtained from the daily 
and three-day composite fecal samples. Correlations of the digestibility esti- 
mates from the three-day samples with the estimates from each day represented 
in the three-day composites were computed to determine which day corresponded 
best with the three-day samples. The r’s were transformed to z’s and subjected 
to analysis of variance (5), using Duncan’s multiple range test for mean com- 
parisons (3). Results are summarized in Table 1. With the comparatively 


TABLE 1 

Mean correlation coefficients of herbage digestibility determined from three-day composite 
feeal samples with digestibility determined from daily samples represented in the 

composite. Four cows are included under each grazing system 





Day in the composite represented by the daily sample 








Grazing system 2nd 3rd 1st 
Strip + .964 + .955 + .937 
Rotational + .916 + .824 P27 





Correlation coefficients not underscored by the same line are significantly different. 
Broken line = 5%; solid line=1%. 





uniform diet under strip grazing, correlations were high between the composite 
and all three days represented, although significantly lower for the first day. 
Correlations were more variable with the cyclic diet encountered on rotational 
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grazing, being highest for the three-day composite and the middle day, and 
lowest for the composite and the first day. These results support the assumption 
of the earlier studies (2), that the three-day composite samples correspond best 
with the middle day making up the sample. 

Digestibility data obtained from both methods of compositing fecal samples 
were used to study further the relationship of fecal output and milk production 
within time. The partial correlations of milk production and digestibility, 
independent of the linear effects of time, were computed for each cow, assuming 
production to occur the day before, the same day as, and the day after fecal 
output. As in the previous report (2), time was represented as a discontinuous 
arithmetic series corresponding to the actual days on the experiment. The r’s 
were converted to z’s and subjected to analysis of variance (5), using Duncan’s 
multiple range test for mean comparisons (3). Results are summarized in 
Table 2. Mean partial correlation coefficients were highest in three out of four 


TABLE 2 


Mean partial correlation of 4% FCM on digestibility (estimated from daily and three-day 
composite fecal samples) independent of time when milk production is assumed to 
oeeur the day before, the same day as, or the day after fecal output. Four 

cows are included under each grazing system 





Milk production 

















Grazing system Sample Day before Same day Day after 
Daily +.222 +.253 +.362 
Strip ee eee — 
3-day composite +.256 +.360 +.396 
Daily +.390 +.558 +.520 

Rotational — —- — — 
3-day composite +.452 +.618 +.650 





Correlation coefficients not underscored by the same line are significantly different. 
Broken line = 5%; solid line=1%. 


possible cases when milk production was assumed to occur the day after fecal 
output, although significantly so in only one instance. Partial correlation 
coefficients were significantly lowest when production was assumed to occur 
the day prior to fecal output. Considering the data in Table 2 and in the 
previous report (2), the occurrence of milk production the same day or the 
day after fecal output becomes an academic question. Consequently, fecal 
output will be assumed to precede milk production by one day, as has been done 


previously (2). 

The partial correlations of milk production and digestibility enabled a com- 
parison of the efficacy of daily and three-day composite fecal samples for pre- 
dicting daily herbage digestibility. Partial correlations computed from three- 
day samples were significantly higher than those from daily samples (p= 1% 
under rotation grazing; p = 5% under strip grazing). Three-day fecal samples 
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composited as a running average dampen some of the random fluctuations of 
daily sampes, while providing valid estimates of herbage digestibility on a daily 
basis. 

Using digestibility data from the three-day composite samples, and assuming 
that fecal output preceded milk production by one day, means, standard devia- 
tions, and simple correlation coefficients in all combinations of time, digesti- 
bility, live weight, and milk production were computed for each cow. General 
means and correlations and standard deviations on a within-cow basis are 
presented in Table 3. 

TABLE 3 
Daily means, standard deviations, and simple correlation coefficients for time, digestibility, 
live weight, and 4% FCM when milk production and live weight are assumed to occur 
the day after fecal output. The means are general means and the standard 
deviations and correlation coefficients are on a within cow basis. 


Four cows are included under each grazing system 


Grazing 











Variable system Digestibility Live weight FCM 
(%) (1b.) 
Time Rotational +.427 +.765 —.838 
Strip -+,664 +.843 —.§27 
Digestibility Rotational 63.82 + 4.63 +.273 —O17 
Strip 65.68 + 5.41 +.400 —.463 
Live weight Rotational 1,151 + 35 — 108 
Strip 1,131 + 38 —.881 
FCM Rotational 25.6 + 6.5 
Strip 24.0 + 5.7 


As in the previous experiments (2), milk production was negatively related 
to time, corresponding to the normal decline in lactation with advancing time. 
The negative relationship between digestibility and milk production, impossible 
to explain biologically, is the result of the mutual confounding of these variables 
with time. Accordingly, multiple correlation coefficients were computed, adding 
digestibility and live weight to time and testing the significance of the reduction 
in error variance for milk production obtained. These correlation coefficients 
are presented in Table 4. 

TABLE 4 
Simple and multiple correlation of milk production with time, digestibility, and live weight, 
when milk production and live weight are assumed to occur the day after fecal output. 


Data are computed on a within cow basis from Table 3 











No. of cows 











Four Four 

Rotational Strip 
Variables grazing grazing 

Time and FCM —.838 —.827 
Time, digestibility, and FCM +.894° +.835° 
Time, live weight, and FCM +.843° +.895” 
Time, digestibility, live weight, and FCM +.896 * +.895 


: i eer way =a nid ‘ 
Reduction in error variance for FCM significant at * 5% and ° 1%. 


Milk production was significantly related to digestibility and live weight in 
addition to time under both systems of grazing management. Under strip 
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grazing, however, the addition of digestibility to the multiple correlation of 
time, live weight, and milk production failed to improve the three-factor corre- 
lation coefficient. 

Multiple regression equations were computed from the correlation coefficients 
in Table 3, using those variables which were found to significantly reduce the 
error variance for milk production. They are: 

Rotational grazing Y = —.200T + .470D — .019W + 27.51 + 2.89 
Strip grazing Y = -—-.057T — .094W + 133.13 + 2.55 
where Y = daily FCM (pounds) 
T = time in days from initiation of first grazing 
D= daily herbage digestibility (per cent) 
W = daily live weight (pounds) 
The negative relationship between live weight and milk production may be 
illusory, corresponding to the simultaneous decline in production and increase 
in weight with advancing lactation. 

Observed daily milk production and herbage digestibility are illustrated 

in Figure 1. The unusual depression of herbage digestibility during the first 
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Fie. 1. Mean daily milk production (FCM) and herbage digestibility (estimated from 
three-day samples) under rotational and strip grazing. The line at the bottom of the figure 
indicates rotations among paddocks A, B, and C. 
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grazing in June is attributed to prolonged drought in May and June. Plant 
growth was restricted during this time and the animals were forced to utilize 
it as efficiently as possible. They apparently obtained less digestible herbage 
during this period than later in the season when pasture was more abundant. 

Daily herbage digestibility was very cyclic under rotational grazing, espe- 
cially during the second and third grazings. There was great uniformity be- 
tween animals, however, herbage digestibility by the four cows rising and 
declining in unison with the progressive defoliation of each paddock. 

Daily variations in herbage digestibility were greatly reduced under strip 
grazing, appearing to be fluctuations about the mean. That this uniformity of 
intake was not at the expense of quality is indicated by the higher herbage di- 
gestibility under strip grazing compared with that under rotational grazing 
(Table 3). The limited relationship between digestibility and milk production 
under strip grazing may be due to the suppression of digestibility as a limiting 
factor in this experiment. 
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UPTAKE AND EXCRETION OF CESIUM!*4 AND POTASSIUM* 
IN LACTATING DAIRY COWS! 


R. G. CRAGLE 
University of Tennessee—Atomic Energy Commission 
Agricultural Research Laboratory 
Oak Ridge 
AND 
Dairy Department, University of Tennessee 


Knoxville, Tennessee 


SUMMARY 

Right lactating dairy cows were each given 1 me. of Cs™ and 6 me. of K* in a single 
oral dose. An average of 6.7% of the Cs™ and 4.2% of the K* were secreted into milk 
in 66 hr. Corresponding values for urinary excretion were 19.0 and 38.0%. Averages of 
10.5, 30.0, and 32.7% of the cesium™ were found in milk, urine, and feces, respectively, 
in 210 hr. The variation in Cs™ and K* secreted into milk can largely be explained on the 
basis of differing milk yields, with concentration remaining somewhat constant. The 
concentration of Cs’ and K” in urine and the volume of urine are both highly variable. 





The ingestion of contaminated foods is the principal source of Cs!*7 in the 
population. Food is contaminated either through direct contamination or through 
plant uptake from soil. Anderson et al (1) have stated that tlhe main source of 
Cs!87 in humans probably is cows’ milk. Since cesium and potassium are, to a 
certain extent, similar in a chemical and physiological sense, the passage of radio- 
cesium through biological systems has been expressed in terms of a Cs!°7/K ratio. 
A radiocesium-radiopotassium ratio can be used to express differential passage. 

The experiments reported in this paper have been conducted to gain knowl- 
edge on the relative passage of orally administered Cs!°4 and K4? through lac- 
tating dairy cows. 

EXPERIMENTAL PROCEDURE 

Two experiments involving four cows each were conducted, one in October, 
1959, and the other in January, 1960. These cows were each given a single oral 
dose of 1 me. of Cs!*4 and 6 me. of K*?. These amounts were necessary for 
detection in samples over a 210- and 66-hr. period, respectively. The Cs!84 was 
given carrier-free and 24.6 and 19.2 mg. of K were given to each animal with 
the K4? for the two experiments, respectively. All cows were maintained on an 
18% protein concentrate with alfalfa hay as the only roughage and were kept 
in elevated digestion stalls for a four-day preliminary and a nine-day experi- 
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mental period. Daily total weights of urine and feces were taken separately 
and milk weights were taken twice daily. Samples were taken for analyses at 
the time of weighing. Blood samples were collected daily from the jugular vein. 
The amount of isotope in the blood was calculated on the basis of blood being 
7.7% of the animal’s weight. Aliquots of all samples were placed in glass tubes 
directly and counted in a well-type scintillation counter. The Cs!*4 and K* 
counts were separated by making an initial total count and a subsequent Cs!*4 
count after the K4? had decayed. 


RESULTS AND DISCUSSION 

During these experiments, the average daily hay and grain consumption were 
4.44 + 0.99 kg. (9.8 + 2.2 lb.) and 5.34 + 0.34 kg. (11.7 + 0.7 lb.), respectively. 
Feed consumption was approximately the same for the two experimental periods. 
The average milk production for the eight cows for 210 hr. was 7.94 + 2.98 kg. 
(17.5 + 6.6 lb.), urine excretion was 8.75 + 1.78 kg., and feces elimination was 
14.18 + 2.63 kg. per day. 

The cumulative Cs!*4 and K4? excretion patterns in milk, urine, and feces 
are presented in Figures 1, 2, and 3. The data from eight animals were averaged 
to obtain these curves. 

Total excretion of Cs!34 for the eight cows in milk, urine, and feces averaged 
73.3 + 6.6% of the administered dose for the 210-hr. period. 

Observed ratios of Cs!°4/K4? are presented in Table 1 for each of eight cows. 
The observed ratio is a method of expressing the change in the fraction of 
Cs154/K4? from the diet to blood, urine, or feces or from one animal compart- 
ment or system to another. All ratios reported in Table 1 were determined 
from the cumulative exeretion of Cs!34 and K*? over the 66-hr. period. Ratios 
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Fig. 1. Cs“ and K* secretion in milk (average cumulative excretion of eight cows). 
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Fig. 2. Cs™ and K® excretion in urine (average cumulative excretion of eight cows). 


greater than one indicate a more favorable passage of Cs!** than of K4?, whereas 
ratios less than one indicate a more favorable passage of K*? than of Cs144, 

The action of cesium versus potassium is not fully understood. Relman et 
al. (7) in 1957 found that cesium would replace rubidium which, in turn, would 
replace potassium in muscle cells. Essentially, the membranes in mammary 
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Fig. 3. Cs and K® exeretion in feces (average cumulative excretion of eight cows). 
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TABLE 1 
Observed ratios * of Cs'™/K* for eight dairy cows (single oral dose) 
Cow Blood /diet Urine/diet Milk /diet Milk /blood Urine/blood 
(Oct. ) 1 1.60” 43 1.42 89 ae 
2 1.84 43 2.23 1.23 23 
3 76 29 1.74 2.29 38 
4 1.13 37 1.63 1.44 23 
(Jan. ) 5 17 .76 1.07 1.39 99 
6 5 61 1.60 2.91 1.11 
7 85 .79 1.48 1.74 93 
8 .64 59 1.44 2.25 92 
Average 90 00 1.60 1.78 56 





Cs™/K* of sample 





“ Observed ratio (sample-preeursor ) TW ae ooo 
Cs™, of precursor 


" Caleulated from cumulative totals for a 66-hr. period. 


tissue and the kidney are concentration membranes; therefore, the findings re- 
ported in this paper agree with those of Relman e¢ al. 

Previous work of Hood and Comar (2) indicate that a cow given an oral 
dose of Cs!37 excreted 9.6, 30, and 40% in milk, urine and feces, respectively, 
in 30 days. The findings in the experiments reported here are compatible with 
the earlier work. 

Mraz and Patrick (6) reported that dietary potassium increased the rate of 
excretion of body cesium in the rat. Mraz (4) reported in 1959 that dietary 
potassium significantly increased excretion of both K**? and Cs?** in sheep, both 
in the presence and in the absence of dietary sodium. It has also been reported 
by Mraz and Patrick (5) that feed ingredients such as oat hulls, wheat bran, 
alfalfa meal, and crude soybean oil meal influence the exeretory pattern of 
Cs!* and K*? in rats by increasing the excretion of these nuclides in the feces. 
This appeared to be an adsorption phenomenon. 

The two groups of animals were, therefore, maintained on the same diet; 
however, certain differences in response were noted between the two experiments. 
An average of 9.48 kg. of urine was excreted per day from cows in the October 
experiment, whereas 7.00 kg. of urine was excreted per day in January. The 
Cs134 and K4? excretions were 16.8 and 44.6%, respectively, in October, and 
21.2 and 31.1%, respectively, in January. 

The blood and plasma values of Cs!4 and K*4? for each of the experimental 
periods are supporting evidence for a changing differential cesium and potassium 
excretion by way of the kidney. These data are presented in Figure 4. In the 
October experiment it was evident that K*? was cleared relatively rapidly from 
blood and plasma; whereas in the January experiment, blood and plasma were 
still undergoing an accumulation up to 42 hr. It is also evident that cesium was 
more rapidly cleared from blood and plasma in the January experiment. 

The main difference between the two experiments appeared to be environ- 
mental temperature. Average high and low atmospheric temperatures during 
the October period were 68.7 and 43.3° and during the January period were 
52.9 and 30.7° F. Exact barn temperatures are not available, but would have 
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been considerably influenced by these differences. It is thought that the higher 
temperatures would coincide with higher glucocorticoid secretion which, in turn, 
would cause kaluresis and may inhibit the antidiuretic hormone with resulting 
diuresis (3). This is speculative and we have made no specific measurements of 


glucocorticoids. 
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Fig. 4. Concentration of Cs™ and K“ in blood and plasma at 18 and 42 hr. post-dosing. 


Milk production for the two experiments was different (averages of 10.1 and 
6.3 kg. or 22.2 and 13.9 lb. per day), with an average per cent of secretion per 


liter of 0.312 and 0.279 of cesium and 0.179 and 0.202 of potassium in 66 hr. for 


October and January, respectively. 
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TECHNICAL NOTES 


DILATOMETRIC STU 


Dilatometry as utilized in fat research is 
a method for studying the proportion of solid 
to liquid phases in the fat system at different 
temperatures. It is based on the change in 
specific volume which occurs when a fat tran- 
sists from a solid to the liquid state (1-4, 6). 
The procedure which one may follow to so- 
lidify or condition the fat influences greatly 
the subsequent readings and results. In the 
case of milk fat, this has been contirmed re- 
peatedly by the work of Van Dam (13, 14), 
Rishoi and Sharp (12), Mulder (10), Mulder 
and Klomp (11), Hannewijk and Haighton 
(7), De Man and Wood (5), and others. Since 
there are many fat-conditioning procedures, 
results obtained by workers using different 
methods are difficult to compare and evaluate. 

After a study of vegetable and animal fats 
ather than milk fat, the Fat Analysis Com- 
mittee of the American Oil Chemists’ Society 
(1) suggested a standard fat-temperature-con- 
ditioning procedure for dilatometry determi- 
nations. Literature reveals no report on a 
similar standard procedure for milk fat. 
Therefore, it appeared desirable to investigate 
such a procedure. 

The equipment and procedure for preparing 
the fat were those recommended by the Fat 
Analysis Committee (1). The following four 
fat-conditioning procedures were compared: 
Procedure 1: 0° C. for 15 min., 26.7° C. for 30 
min., and 0° C, for 15 min. [the A.O.C.S. Pro- 
cedure (1)]. Total time required—60 min. 


Technical Paper 9-60, Department of Dairy 
Technology. The Agricultural Experiment Station. 
Journal Article 43-60. 

2A report of work done under contract with 
the U. S. Department of Agriculture and author- 
ized by the Research and Marketing Act of 1946. 
The contract is being supervised by the Eastern 
Utilization Research and Development Division of 
the Agricultural Research Service. 


DIES OF MILK FAT? ? 


Procedure 2: 0° C. until equilibrium was 
reached, 26.7° C. for 30 min., and 0° C. until 
equilibrium was reached. Total time re- 
quired—300 min. Procedure 3: 0° C. until 
equilibrium was reached. Total time re- 
quired—195 min. Procedure 4: 0° C. for 60 
min., 26.7° C. for 30 min., and 0° C. until equi- 
librium was reached. Total time required— 
195 min. Each of the above procedures was 
studied on three different milk fat samples 
which were separated from commercial winter 
butter of the following characteristics: Sam- 
ple A. Soft butter (conventional procedure )— 
spreadability 500 g.; Sample B. Hard butter 
(conventional procedure)—spreadability 800 
g.; Sample C. Hard butter (continuous pro- 
cedure)—spreadability 1,250 g. Spreadability 
resistance values refer to readings obtained 
by the Consistometer (8). Iodine values for 
these samples were estimated to be within 
the range of 32.0 to 34.0 on the basis of re- 
sults of analysis of comparable fat samples. 
Results are presented in Table 1. 

Below 20° C. there were measurable differ- 
ences in the solid fat index (SFI) of the four 
samples, depending on the conditioning pro- 
cedure. At 4°C., these differences became 
more pronounced. The lack of equilibrium at 
the second 0° C. temperature of the Procedure 
1, was indicated by the higher SFI values at 
1.0 than at 0° C. for all three samples. 

In most studies involving dilatometry of 
milk fat, the temperature :ange of interest 
is usually at 10° C. and above. The data in 
Table 1 reveal that at this temperature range, 
the procedure recommended by the Fat An- 
alysis Committee (1) yielded indices com- 
parable to the other procedures. Since this 
procedure required much less time, it may be 
recommended for adoption for dilatometry 
measurements of milk fat for comparative 
results. In instances where the interest is at 


TABLE 1 


Solid fat index values of milk fat, temperature-conditioned by four different procedures * 








0° C. 0° c. 
Procedure Sample (First) (Second) 
A 24.5 32.8 
] B 31.0 
C 26.4 32.4 
A 43.7 40.8 
2 B 39.9 36.2 
Cc 41.3 38.6 
A 40.0 
3 B 39.4 
C 41.2 
A 37.0 40.1 
4 B 33.9 34.8 
; 36.3 36.7 


*Solid fat index values represent the av 


4.0° C. 102°C. 222°C, 267°C: 386.3° 0 
38.0 32.2 12.6 8.6 3.0 
34.1 29.1 10.2 5.7 1.0 
36.0 28.9 8.9 6.8 1.3 
39.8 33.4 2.7 8.8 3.0 
35.6 31.0 10.0 5.7 1.3 
37.5 31.7 9.9 6.2 1.4 
40.0 36.0 13.7 7.5 2.1 
40.2 36.3 12.4 5.7 0.8 
41.8 37.0 11.6 6.2 1.3 
39.9 33.7 12.6 8.5 3.0 
35.7 30.3 10.0 5.7 1.0 
33.3 30.5 9.5 6.1 0.9 


erage of duplicate determinations. 
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temperatures close to and below 0° C., a dif- 
ferent procedure involving tempering below 
0° C. for longer periods of time will be 
necessary. 

The fat of all three butters exhibited a 
similar dilatometric behavior, depending on 
the conditioning procedure, but the butters 
vary widely in spreadability. Since the degree 
of unsaturation of the three samples agreed 
closely, as indicated by the narrow range of 
iodine values, the SFI values at any tempera- 
ture were dependent exclusively on the temper- 
ing procedure. It may be concluded that dila- 
tometry can not be used for predicting the 
spreading quality of butter in cases of similar 
chemical composition of the original milk fat 
samples. 

J. G. Kapsauis 

J. J. BETSCHER 

T. KRISTOFFERSEN 

I. A. GouLp 

Department of Dairy Technology 
The Ohio Agricultural Experiment 
Station, Columbus, Ohio 
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INCOMPLETE RELEASE OF CITRATE DURING ACID 
PRECIPITATION OF CASEIN 


In previous publications (2, +) it was shown 
that less citric acid was found in acid sera 
than in skimmilk, and that this was probably 
caused by a loss of citrate adsorbed on the 
precipitated casein, and not attributable to 
an artificially high result with skimmilk. How- 
ever, the similar citrate content of HCl and 
TCA acid filtrates (2) indicated a similar de- 
gree of citrate adsorption, despite the radi- 
cally different surface charges of the two 
easeins (pH 4.5 and <1.0, respectively). This 
suggested that (i) citrate was bound exter- 
nally at specific sites, or that (ii) the adsorp- 
tion was not a peripheral surface phenomenon. 
The general nature of the adsorption was 
therefore studied by comparing the effect of 
trichloroacetic acid (12% final concentration) 
on removal of citrate adsorbed by a suspended 
casein, and by solubilized casein subjected to 
reprecipitation. 

In the study with suspended casein, Van 
Slyke and Baker (6) casein was freed of 


other milk components by seven washings in 
0.1 M acetate buffer at pH 4.5 (4) and 3.0-g. 
portions were then suspended in 100 ml. of 
solution containing: (a) citrate at pH 4.5, (b) 
citrate + TCA at pH <1.0, (¢) citrate + 
phosphate + lactate + caleium + TCA at 
pH <1.0, and (d) same as (¢), but at pH 4.5. 
The concentrations of the various components 
approximated those in actual acid sera, ie., 
10 mM sodium citrate, 30 mM potassium phos- 
phate, 3 mM sodium lactate, and 30 mM cal- 
cium chloride per liter. After a 30-min. sus- 
pension treatment, the solutions were filtered 
(No. 2 Whatman) and analyzed for citrate 
(2, 3). 

In the study with solubilized casein, 100 
ml. of synthetie milk solutions were prepared 
by dissolving 3.0 g. of Van Slyke and Baker 
(6) casein in the presence of (e) citrate at 
pH 6.7, and (f) citrate + phosphate + lae- 
tate + caleium at pH 6.7; the final concentra- 
tions of the various components were similar 
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TABLE 1 








Adsorption of citrate by casein under various conditions 





Citrie Acid, ug/ml. 


(+ 1.3%) 
= %o 
Test Before After Citrate 
No. Treatment Composition of solution * treatment treatment lost 
a Suspension of casein Citrate at pH 4.5 1,858 1,747 6.0 
b Suspension of casein Citrate + TCA at pH <1.0 1,858 1,862 None 
c Suspension of casein Citrate + phosphate + lactate 
calcium TCA at pH 
<1.0 1,856 1,853 None 
d Suspension of casein Same as test ¢ but at pH 4.5 1,878 1,879 None 
e Precipitation by TCA Citrate easein dissolved at 
pH 6.7 1,953 1,816” 7.0 
f Precipitation by TCA Citrate phosphate +lactate 
calcium + easein dissolved 
at pH 6.7 1,929 1,836” 4.8 





“Concentrations added to solutions: 10 mM citrate, 30 mM phosphate, 3 mM lactate, 
and 30 mM ealeium per liter; TCA = 12% final concentration; Casein = 3% w/v throughout. 
»Tneludes a correction (< 0.98) to enable comparison with untreated solution containing 


3% solubilized casein (4). 

(i.e., within 5%) to those used in the suspen- 
sion study. Aliquots of the synthetie milk 
solutions were treated with TCA (12% final 
concentration) to precipitate the casein (pH 
<1.0), filtered after 30 min., and the filtrate 
analyzed for citrate (2, 3). 

Results of analyses of all filtrates obtained 
after the suspension or precipitation studies 
are given- in Table 1, along with the citrate 
analysis of the initial solutions (4). Al- 
though citrate could be adsorbed on the sur- 
face of casein suspended at the iso-electric 
point (pH 4.5), this externally adsorbed cit- 
rate was completely displaced by 12% tri- 
chloroacetic acid at pH 4.5 or 1.0 (Table 1, 
Tests a to d). However, when casein from 
synthetic milk preparations was precipitated 
with 12% TCA, a significant proportion of the 
citrate was retained at the interior of the 
casein agglomerate (Table 1, Tests e and f). 
The amount of citrate so adsorbed was re- 
duced by the presence of other milk com- 
ponents, but remained within a range consis- 
tent with results obtained with actual acid 
filtrates (2, 4). 

These results suggest that 12% TCA dis- 
places citrate superficially adsorbed on casein. 
However, when the protein coalesces from a 
milk preparation, the rapid onset of coagula- 
tion apparently prevents complete displace- 
ment of casein-bound citrate, a fraction which 
accounts for 8 to 14% of the total citrate in 
milk (5). A considerable amount of citrate 
is, therefore, retained within the casein parti- 
cles, and its removal is difficult by virtue of its 
inaceessibility to an eluting agent such as 
TCA. The present authors have previously 
shown (4) that acid-precipitated casein re- 
quires seven resuspensions in equivalent vol- 
umes of fresh washing solution for complete 
removal of citrate. The above results substan- 
tiate the previous conelusion (4) that analysis 
of TCA (or HCl) acid sera does not provide 


a true value for total citrate in skimmilk, but 
yields a result which can be from 4 to 10% 
low. 

In a study of the citric acid method pro- 
posed by the present authors (2), Evenhuis 
(1) concluded that the direct method for skim- 
milk gave erroneously high results, and also 
suggested that adsorption of citrie acid by 
precipitated protein was unlikely. However, 
Evenhuis’ conclusion that casein interferes 
with the determination has not been substan- 
tiated by more recent data (4), and the 
present paper shows that low citrate values 
are obtained in acid sera. The direct method 
therefore appears to give a more reliable 
measurement of the citric acid content of milk 
than is obtainable by analysis of milk sera. 
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A COMPARISON OF THE WIEGNER AND WISEMAN METHODS FOR 
DETERMINATION OF VOLATILE ACIDS IN SILAGE? 


For a number of years, the Wiegner (11) 
method of determining volatile acids in silage 
has been employed in our silage research pro- 
gram. This method has the advantage of being 
reasonably rapid and requiring no elaborate 
equipment or expensive chemicals. In addition 
to the deseription in the original reference, it 
is deseribed in detail by Watson and Ferguson 
(10). However, it is a third of a century 
since the method was published and several 
others have been proposed since (1-9). Its 
principal disadvantage is that it determines 
only acetic and butyric acid, thus necessitating 
a separate determination of such acids as 
propionic and lactic, both of which occur in 
silage, lactic acid especially being of consider- 
able significance in determining silage quality. 

About 3 yr. ago, Wiseman et al. (12) pub- 
lished a method based on column chromatog- 
raphy, which determines directly not only 
propionic and lactic acids in addition to acetic 
and butyrie but also such others as formic and 
succinic. This station has run comparative 
tests on the two methods over the past 3 yr. 
involving 49 lots of silage. Results of the com- 
parison are shown in the accompanying table. 
The silages were a heterogeneous lot involving 
the use of such different structures as upright 
wooden, tile, and conerete silos; a trench silo; 
plastic bags of 35-ton capacity; and a glass- 
lined steel silo. Additives used were hominy 
meal, citrus meal, dehydrated potato pulp, oat 
mill feed, ground corn cobs, and sodium meta- 
bisulfite. Several of the lots were ensiled with- 
out any additive. 

Study of the table shows that Wiseman’s 
method gave lower average results for all 
three acids for which there are comparative 
data (acetic, butyric, and lactic). However, 
magnitude of the standard error indicates that 
the differences between the methods were not 


Contribution No. 1250 of the University of 


Massachusetts, Amherst. 


TABLE 1 


Comparative values for silage acids obtained 
by two methods 








Wiegner Wiseman 

Acid Method Method 
Acetic 3.5 + .25 3.4 + .27 
Butyrie 3.7 + 49 2.9 + .37 
Lactie 3.4* + .60 2.42 .41 
Propionic ” 0.5 + .07 
Other¢ i 0.4 + .04 


| 





“By difference. 

>The Wiegner method does not determine pro- 
pionie or other acids. 

¢ Ineludes formic, succinic, and any higher acids 
that may be present. 


significant, and inspection of the individual 
values shows that in about one-third of the 
lots the Wiseman method gave higher values 
for acetic and butyrie acid than the Wiegner 
method, and in about half of the cases it gave 
higher values for lactie acid. Since lactic acid 
is determined by difference in the Wiegner- 
Watson-Ferguson scheme of analysis, the 
values for this acid obtained by the Wiseman 
method are more reliable, the values for pro- 
pionic and other acids not determined by the 
Wiegner method being included in Wiegner’s 
lactie acid value, which is obtained by differ- 
ence. The average plus error here, as noted 
from the table, gives a lactic acid value of 
0.9% too high (i.e., propionie acid 0.5% plus 
other acids 0.4%). It appears that elimina- 
tion of this error, plus the additional informa- 
tion the Wiseman method gives respecting the 
amounts of other acids present, represents a 
distinet advance over the Wiegner method as a 
tool for silage evaluation. 

J. G. ARCHIBALD 

H. FENNER 

Massachusetts Agricultural 

Experiment Station, Amherst 


REFERENCES 


Birk, Y., AND Bonpi, A. Separation and De- 
termination of Acetic and Lactie Acids by 
Paper Partition Chromatography and Its 
Application to Silages. Analyst, 80 : 454. 
1955. 

(2) Borrm1, E. Determination of Acetie and 
Butyrie Acid in Ensiled Feeding Stuffs 
(translated title). Annuar. regia staz. chim. 
agrar Torino, 14, Part A, 41. 1940. 

(3) Brouwer, E., anp NisKAmp, H. J. Chroma- 
tographie Determination of Volatile Fatty 
Acids in Silage (translated title). Chem. 
Weekblad, 46 : 37. 1950. 

(4) Eneets, O. Preparation and Evaluation of 
Silage as Indicated by Chemical Investiga- 
tion (translated title). Deut. landwirtsch. 
Tierzucht, 40: 577. 1936. 

(5) Leprer, W. Uniform Apparatus and Equa- 

tions for the Determination of Acetic, Bu- 

tyrie, and Laetie Acids in Silages. Tierern- 

iihr. Futtermittelk., 1: 187. 1938. 

Lepper, W. Simplification and Shortening of 

the Distillation of Total Acetic and Butyric 

Acids in Silages (translated title). Land- 

wirtsch. Vers-Sta., 128: 127. 1939. 

(7) MretInnen, K., AND VirTANEN, A. I. Rapid 
Method for Determination of Fatty Acids 
and Ammonia in Silage by Means of Paper 
Chromatography. Ann. Acad. Sei. Fen- 
nieae., Series A, II, No. 41, 9 pp. 1951. 

(8) Procopio, B. Determination of Volatile and 
Lactic Acids in Fresh Ensilages (translated 
title). Alimenti, 5:60. 1949. 

(9) Smirn, A. M. Determination of Organic 

Acids in Silage Extracts and Bacterial Cul- 

tures. Analyst, 63: 777. 1938. 


~Y 


(1 


(6 


~~ 








362 JOURNAL OF DAIRY SCIENCE 


(10) Watson, S. J., AND Frereuson, W. S. The agrikulturechemischen Praktikum. Berlin: 
Chemical Composition of Grass Silage. J. Gebriider Borntraeger. 1926. 
Agr. Sei., 27, Part 1, pp. 1-41. January, (12) Wiseman, H. G., anp Irvin, H. M. Deter- 
1937. mination of Organic Acids in Silage. J. 
(11) Wreener, G. Anleitung zum quantitativen Agr. Food Chem., 5: 213. 1957. 














6 


bead 45 


> sz 




















OUR INDUSTRY TODAY? 


TECHNIQUES USED IN DAIRY TECHNOLOGY EXTENSION 


W. S. ARBUCKLE 
Department of Dairy Husbandry, University of Maryland, College Park 


The Agricultural Extension Service of the 
various state universities has assisted farmers 
in the practical application of new develop- 
ments in the area of agricultural production 
for many years. 

Assisting processing firms is newer and in- 

volves services that help 


inerease the efficiency 
of the firms and im- 
prove their products 


through the use of re- 
search results. In as- 
sisting large corpora- 
tions, the specialist is 
required to be highly 
trained and in many 
cases to be experienced 
in industry. 

The services rendered 
by the Dairy Technol- 
ogy Extension Special- 
ist may well fall in this 
latter category, and the following questions 
may be asked: 

What is the role of the Extension Dairy 
Technology Specialist? 

Where does the Extension Dairy Technol- 
ogy Specialist belong in the extension or- 
ganization? 

What should be the duties of the Exten- 
sion Dairy Technology Specialist? 


W. S. Arbuckle 


Your program committee has made an at- 
tempt to locate capable people with a high 
degree of professional competency to present 
the papers in this section of the program, 
which includes the aspeets of bringing research 
results and techniques to the aid of dairy 


products processing companies and related 
firms. 
It is interesting to observe the status of 


Dairy Technology Extension activities. Avail- 
able information indicates that approximately 
14 states have active programs, some 22 states 
have a limited amount of extension work. being 
done in Dairy Technology, and apparently the 
remainder of the states have no program in 
this field. There are more than 30 specialists 
engaged in Dairy Technology Extension. About 
one-third of these specialists devote full time 
to this work, while the remainder render part- 
time service. This does not include research 
specialists who may supply technical informa- 
tion to dairy firms. 


*The first three papers in this section were 
presented to the Manufacturing Extension See- 
tion at the 55th Annual Meeting of the American 
Dairy Seience Association, June, 1960. 


The activities of the Dairy Technology Spe- 
cialists have been listed to include: 1. Dairy 
products quality improvement programs; 2. 
plant management, involving establishment of 
adequate and proper records, plant changes in 
building and equipment, technical engineering 
and plant management methods, personnel man- 
agement and training, improved techniques in 
plant sanitation and procedures; 3. consumer 
and publie relations, comprising programs for 
favorable public acceptance of dairy products, 
proper use of dairy products in the diet, in- 
creasing the per capita consumption of dairy 
products, maintaining favorable public rela- 
tions; 4. dairy products processing, establish- 
ing use of new processing methods, processing 
new products, and technology of processing; 
and 5. cooperation with associated organiza- 
tions regarding the development of training 
programs, demonstrations, exhibits, and gen- 
eral program projection involving dairy prod- 
ucts. These activities may be initiated by the 
state extension service, by industry, or by 
federal agency requests. 

Much of the Dairy Technology Specialist’s 
work deals with maintaining effective working 
relations with various groups and private or- 
ganizations, in cooperation with the dairy in- 
dustry in effecting proper coordination of ex- 
tension activities. 

These activities have been outlined as being 
accomplished by: 1. Maintaining knowledge of 
current research and technological develop- 
ments applicable to the dairy industry, 2. plan- 
ning meetings to bring research personnel and 
industry representatives together to discuss re- 
search findings, 3. obtaining industry needs 
for new and expanded research, and demon- 
strating new developments through pilot plant 
demonstrations and counsel with management, 
1, translation of research results from tech- 
nical terms involving complicated procedures 
for dairy industry personnel educational pur- 
poses, and 5. working with appropriate per- 
sonnel of associated organizations in formu- 
lating plans, standards, and _ operational 
methods. 

The increasing complexity of research, tech- 
nology, engineering, developments in equip- 
ment, product processing, and management 
methods in the dairy industry is conducive to 
the coordination of efforts of specialists in 
many different disciplines. 

The Dairy Technology Specialist is confronted 
with a challenge, demanding and requiring 
many skills, industry experience, and a vast 
amount of. technical information, in order to 
serve the dairy industry adequately. 
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A MANAGEMENT IMPROVEMENT PROGRAM 


D. J. HANKINSON 


Department of Dairy and Animal Science, University of Massachusetts, Amherst 


Need for improved management. During the 
past 20 yr. survival in the business world has 
been the result of intelligent use of manage- 
ment resources. Competition from outside and 
within the dairy industry, together with rising 
costs, has narrowed the margin available to 
the dealer. Large firms 
have employed services 
of professional manage- 
ment consultants. We 
ean also observe that 
even our farmers have 
available to them the 
services of specialists in 
their kind of business— 
farm management— 
through our Extension 
Service. 

This leads me to the 
next observation, that 
our dairy industry is 
comprised of a_ large 
number of family enterprises, most of them 
thoroughly familiar with their product and the 
machinery for processing it, but quite unskilled 
in managing the total business of the firm. 
They are, therefore, well informed on _ tech- 
nology because of 4-yr., 2-yr., and short course 
programs of instruction at our land-grant col- 
leges. If you are anticipating that my next 
statement will be one of criticism of such pro- 
grams of instruction for minimizing manage- 
ment, you are wrong, because it has always 
been my feeling that management can not be 
taught effectively unless one is actively engaged 
in it, and then it must be treated separately 
from processing functions. 

Now, if you agree with me up to this point, 
it then follows very naturally that here is a 
program ready and waiting to be picked up 
by the Extension Service. Here is an adult 
group, with common problems and a common 
product, that is in real need of information. 
And I ean assure you from our own experience 
that they are really hungry for the right kind 
of information, because we have been working 
at it for the past 5 yr. 

Development of program in Massachusetts. 
It is doubtful that our problems are exactly 
like those in your state but, on the other hand, 
it is equally doubtful that they are completely 
different. Narrow margins, high-priced labor 
market, high taxes, federal markets, state mar- 
kets, interstate movement of milk, and many 
other factors create problems which can not be 
handled by bookkeeping records and market 
reports. 





D. J. Hankinson 


It was with this background of need that 
5 yr. ago our University administration agreed 
to employ a full-time extension worker whose 
primary responsibility would be management. 
Now, this was the first hurdle, as you well 
know, but the difficult part remained—that of 
establishing the specifications for the training 
required, and then finding the man. After 
lengthy deliberations it was decided that the 
man first must be trained in economics, and if 
we could pick the right kind of man we felt 
that the product technology could be handled 
by a close relationship to our department. 

This really proved to be a wise decision for 
several reasons—(1) emphasis could be given 
to management without becoming involved in 
design of equipment, product defects, ete., (2) 
plant owners immediately recognized that a 
new kind of approach would be given to their 
problems, and (3) when technical problems 
arose they could be referred back to one of our 
resident staff members who had a portion of 
his time assigned to extension. 

The unusual part of our organization is that 
the position is in the Department of Agricul- 
tural Economics. This, too, is as it should be, 
beeause I believe that the atmosphere of pro- 
fessional associates, books, and journals permits 
him to bring into the field much more outside 
information than would be possible under any 
other arrangement. It has worked so well that 
we have concluded what we should have 
known—that the public considers all of us as 
a single University staff, regardless of our 
peculiar organization. And the interdepart- 
mental arrangement actually works—largely 
beeause of extremely good relations on our 
campus. This, of course, is a tribute to all 
who work on the project. 

How we function. Relative to personnel, we 
consider that we have a team composed of one 
full-time man, J. H. Bragg, and three part- 
time men, F. E. Potter, D. A. Evans, and the 
writer. The full-time man is our principal field 
contact, but contacts are also made directly 
with our campus people. 

When it comes to project administration, we 
have an advisory committee composed of the 
Head of the Department of Agricultural Eeo- 
nomics, Head of the Department of Dairy and 
Animal Science, Extension Administration Pro- 
gram Leader, and the Project Leader, J. H. 
Bragg. This advisory committee meets twice 
each year to review and plan programs, and 
it meets informally at frequent intervals. 

When it comes to the field program and over- 
all contact with the industry, the project per- 
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sonnel schedule as carefully as possible 1 yr. 
in advance such events as Dairy Plant Man- 
agement Forum, Ice Cream Short Course, Ice 
Cream Short Course Forum, Bulk Tank Driv- 
ers’ Training Course, Automation Workshop, 
Babeock Testers’ Short Course, Cottage Cheese 
Clinie, Quality Control Short Course, Flavor 
Training Schools, ete. Not all of these events 
are held every year. 

The program in management. Please note 
from the field program events just mentioned 
that we have not completely separated product 
technology from management. What we have 
done is to properly identify the subject by 
asking our dealers to think about management 
always, rather than waiting until the help has 
gone home and the machines are idle and the 
owner is too tired to think. 

The question is often asked, “How do you 
get dealers to give attention to management 
problems?” The obvious answer is to offer 
them something which they need and want. 
But this does not answer the entire question. 
This comes about using three approaches. One 
is the individual contact in the dealer’s office, 
where his business can be discussed quietly and 
confidentially. This creates confidence and en- 
courages him to open his books and discuss com- 
pany policy—a most essential part of any pro- 
gram of management improvement. Incidentally, 
our product-flavor program with dealers pro- 
vided an excellent way to develop confidence. 
However, when it comes to methods, procedures, 
records, personnel, and all other general phases 
of management, small area workshops have 
proved most effective. This saves time for our 
staff. However, we feel that annually we should 
have experienced management people bring in 
new ideas and inspiration, and for this pur- 
pose we hold a Dairy Plant Management 
Forum. Our method of contact, then, is through 
three channels—individual plant calls, area 
workshops, and a_ state-wide management 
meeting. 

North Carolina State College program for 
improving managerial capacity. Our program 
was just getting under way at the same time 


365 


that North Carolina State College, under con- 
tract with the United States Department of 
Agriculture, was engaged in a program of 
preparing aids and materials for improving 
management. In the spring of 1959 they held 
the first pilot school to test the materials before 
a group of managers from a_ heterogeneous 
group of agricultural marketing firms. Assist- 
ing them was an outstanding management con- 
sulting firm from New York City. Professor 
J. H. Bragg attended and from this meeting 
it was decided to hold the second test school 
of a homogeneous nature for dairy manage- 
ment people at the University of Massachu- 
setts—largely because we had already estab- 
lished a working relationship with our industry 
on managerial problems. The program was 
repeated at Amherst in the fall of 1960, with 
several of the staff from the North Carolina 
school serving as instructors. The meeting was 
of very high caliber and very well received. 
We plan to develop a more extensive manage- 
ment program for next year, setting up the 
offerings by major management subjects and 
taking the people through the material at a 
slower pace. We hope to work out a cooper- 
ative arrangement with a dealers’ association 
and a management consultant firm to imple- 
ment the organization. 

What is management? TI have intentionally 
avoided dealing with details of management 
subjects. However, I will say that the North 
Carolina State College team, in the materials 
developed under their contract, identified man- 
agement as PODCC—Planning, Organizing, 
Directing, Coordinating, and Control—which 
provides a sound foundation of subjects upon 
which to build. We have found their materials 
very useful and I would encourage everyone 
interested in such a program to contact them 
before proceeding. 

Our challenge. From a review of the many 
kinds of management aids and evidence of a 
real need for improving management, I be- 
lieve that the Extension Service faces a real 
challenge in aiding a very important segment 
of the dairy business. 


TRENDS IN DAIRY PRODUCTS MERCHANDISING AND THEIR 
IMPACT ON THE DAIRY INDUSTRY 


Epwarp THOM 


Olsen Publications, Milwaukee, Wisconsin 


Any consideration of Trends in Dairy Prod- 
ucts Merchandising and Their Impact on the 
Dairy Industry immediately poses a question 
similar to the classic problem, “Which came 
first, the chicken or the egg?” 

My assigned topie similarly raises the ques- 
tion of whether it is merchandising trends 
which affect the dairy industry, or whether it 


is trends or changes in all industry, including 
the dairy industry, which determine methods 
of merchandising. 

Whichever came first, there is little doubt 
that an evolution is taking place in dairy prod- 
ucts merchandising. At the same time we are 
also experiencing an evolution in all industry, 
as well as in the dairy industry, which is mark- 
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edly influencing our merchandising efforts. 

Accepting the fact that we are in an erup- 
tion of change, let us review briefly just what 
is happening, and what we in the dairy indus- 
try might do about it. 

Of all the current upheavals in the dairy in- 
dustry, probably none is upsetting traditional 
ways of doing business more than the steadily 
increasing concentration of dairy products sales 
through a declining number of giant super- 
market chains. 

Numerous other developments, of course, also 
affect this industry’s methods of doing business. 
For example, the expansion of good roads and 
the use of lightweight nonreturnable paper con- 
tainers for milk encouraged processing in large, 
automated plants, and distribution over a 
greatly expanded territory. Such developments 
emphasize it is actually industry changes which 
affect merchandising, rather than merchandis- 
ing affecting industry. Their impact, in any 
event, is far-reaching. 

These innovations are definitely reducing the 
number of plants in operation, and increasing 
the size of those remaining solvent. 

Other developments. Still other developments 
affecting merchandising methods and having 
an impact upon the dairy industry, to name 
just a few, include the following: 

1. Population shifts, particularly the move- 
ment to suburbs of large cities, and the conse- 
quent need in the milk business for distribution 
substations to provide efficient retail delivery. 

2. The growth of unionization, particularly 
among milk route drivers, and its curbing effect 
upon sales efforts. 

3. Continually rising labor costs in all 
branches of dairy processing, making further 
mechanization and automation necessary in 
order to bring down unit costs. 

1. The trend toward specialization, such as 
in the production of ice cream novelties, to 
secure volume production with mechanized 
equipment and consequent lower unit cost. 


All of these developments are unquestionably 
leaving an imprint upon the dairy industry, 
and they are inevitably also affecting dairy 
products merchandising. As mentioned before, 
probably none has had the industry-shaking 
impact of the channeling of dairy products 
sales in ever-increasing volume through large 
chains of supermarkets. Here we have a classic 
demonstration of a business fundamental: 
Namely, the hand that controls the sales out- 
lets dictates the sales terms! 

All processors, independents as well as the 
giant national chains, are fully aware of the 
terrific impact this awkward state of affairs 
imposes upon established marketing practices. 
Two competitive supermarket chains jockeying 
for a price advantage on dairy products, for 
example, can overnight dictate an entirely new 
set of marketing rules. Such demands fre- 
quently leave both large and small processors 
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hurt and bowed. In addition, they definitely 
subjugate quality to price. 

Legislation. Currently, a number of bills are 
up for consideration in Congress, hopefully 
designed to prevent this marketing mayhem. 
Just as the road to Hell is paved with good 
intentions, however, so can the road to bank- 
ruptey be littered with the bodies of processors 
who naively assumed they were protected by 
legislation. Laws all too often fail to accom- 
plish exactly what they intended, and conse- 
quently are not necessarily the most satisfae- 
tory answer to dairy products merchandising 
problems. Laws are all too often like the tooth 
pastes, powders, or liquids extravagantly en- 
dorsed by television announcers. They do not 
always work out the way we are told they 
would. 

Remedial measures or alternatives. What, 
then, can dairy processors do to withstand the 
impact of marketing changes which importantly 
affect industry merchandising practices? What 
are some processors—large national chain or- 
ganizations as well as small independents— 
currently doing to roll with the punch of mar- 
keting changes? 

Both types of processors are faced with the 
very same problem also currently troubling all 
other packers of advertised brand foods. They 
are faced with bowing to price dictation by 
the all-powerful retailer, or being squeezed out 
ot the supermarkets—unless they develop such 
strong consumer demand for their brand that 
the retailer can not afford to ignore the brand. 
Not even legislation is going to stem the irre- 
sistible trend by supermarkets toward featur- 
ing their own private-label brands, or at best 
stocking advertised brands under their own 
terms. Only vociferous consumer demand, in- 
stigated by the processor, can conceivably in- 
fluence store operators to change course counter 
to this trend. Only a demonstration of obvious 
personal benefit to the store operator can assure 
a sharing of cabinet space for advertised brands 
with a store’s private brands. 

Assuming a processor hopes to lessen or 
change the impact of unfavorable marketing 
trends upon his business, and maintain or re- 
gain sizable volume through supermarkets via 
the road of developing such consumer demand, 
he must first be prepared to offer a superior 
product. 

Fighting the battle for supermarket volume 
by developing local consumer demand is obvi- 
ously impossible with a product of mediocre 
quality that can not possibly maintain a price 
advantage against determined and hungry 
competition. 

Quality improvement. Accepting the premise 
that superior quality is fundamental to success, 
the dairy scientists of this nation, as well as 
we in the industry trade publications, have a 
duty to redouble our traditional past efforts 
of preaching the gospel of quality. Only 
through high quality can the processor build 
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consumer demand for a specific brand that 
will not readily be superseded whenever an- 
other product is offered at a cheaper price. 

Moreover, only with a produet that is clearly 
superior to competing private-label products 
in the supermarket outlets—one that consumers 
in a given market have been educated through 
advertising, promotion, and taste experience to 
recognize and accept as superior—can leverage 
be successfully applied upon the man who con- 
trols the retail outlets, in order to gain or hold 
space in his dairy display cases. 

In addition to an assured quality product 
and developed consumer demand, the processor 
gambling his entire business future on the un- 
certainty of chain store volume must take still 
another important step to justify himself in 
the total distribution picture. He must become 
a merchandising specialist (or have somebody 
in his organization so qualified) who can truly 
assist retailers in profitably moving greater 
volumes of dairy products. A processor with 
these qualifications—l: a quality product, 2. 
established consumer demand in his local mar- 
ket for his product, and 3. merchandising tal- 
ents to help the retailer—stands a reasonable 
chance for suecess in developing volume sales 
through supermarkets. He does, that is, un- 
less the supermarket outlet has its own proc- 
essing plant, or through mergers or holding 
companies becomes affiliated with a processing 
plant. In that case, the processor starts from 
the beginning in contacting a new prospective 
outlet from among a declining number of re- 
tail stores. 

At best, this outlook on future marketing 
through chain stores admittedly holds some 
discouraging aspects, threatening not only the 
small- and medium-size independent processors, 
but also the big national chain organization 
processors. 

What is the answer? That is anybody’s 
guess, but an indication of trends is revealed 
by the actions of some of the big national chain 
organizations. One solution to which they have 
turned is to diversify their operations as rap- 
idly as possible. They just can not afford to 
have all their marketing eggs in one basket. 
They just can not afford to rest their entire 
business future solely upon selling only dairy 
products through a declining number of out- 
lets; namely, a few giant supermarket chain 
accounts that can easily be lost overnight. 

New products. Harold Comfort, president of 
The Borden Company, recently threw some 
light on his company’s present and future 
course of action when he pointed out the 
following : 

In the first 18 yr. of the life of The Borden 
Co., from 1857 to 1875, the company introduced 
only one new product—and that was already 
an established item, namely fluid milk. In the 
15 yr. since the end of World War II, on the 
other hand, Borden has introduced 113 new 
products or product lines. These include not 


only many dairy items, but also some products 
entirely foreign to the dairy industry, sueh as 
dehydrated potatoes, for example. They also 
include moves into industries completely for- 
eign to the dairy industry, such as the chem- 
ical field. 

Alternatives. For the dairy products proc- 
essor who turns away from the supermarket 
chain as his prime distribution outlet, just 
what can he do to replace that lost volume and 
assure his future as a processor and distribu- 
tor in this industry? 

A number of possible courses present them- 
selves, not necessarily to replace all lost volume, 
but at least to develop volume that can show 
a profit: 

1. He might, if he is strictly a processor, 
merge with a supermarket organization and 
become their processor. Such a course, how- 
ever, is impractical for all but a limited few 
companies. 

2. He can open his own controlled outlets of 
a wide variety of types—if he has the money 
and plenty of courage, as well as a knowledge 
of retailing. 


Let us examine more closely the possibilities 
in this broad field of controlled outlets. 

Dairy processors have already entered this 
field, to a varying extent. For example, many 
have retail dairy stores in their plants. Some 
even have chains of specialized dairy stores 
throughout their markets. Some have com- 
pany-owned drive-ins or have set up a fran- 
chise operation of drive-ins for which they 
then supply the dairy products. Some have 
ventured into the opening of superettes, minia- 
ture supermarkets which are generally of the 
family type, and which specialize in carrying 
convenience items available through most hours 
of the day and night. Some: have gone into 
milk and ice cream vending through schools 
and institutions, through industrial plants, and 
through outdoor locations such as gas stations. 

A eurrently interesting development in vend- 
ing is an experimental project worked out 
with one of the major oil companies consisting 
of a battery of eight vending machines, housed 
in a modern structure and adjoining gasoline 
stations on important highways. These offer 
the automobile traveller a complete assortment 
of products—sort of a one-stop store—where 
the motorist can buy not only assorted milk 
drinks and ice cream, but also coffee, cigarettes, 
candy, cookies, and soft drinks. One of these 
experimental automatic units has also been set 
up at a gas station in the midst of a shopping 
center. This is not necessarily the ultimate 
answer to marketing problems of a dairy proc- 
essor who loses his supermarket accounts, but 
it does reveal the direction of future merchan- 
dising thinking. 

In the matter of drive-ins or company-owned 
stores, these have been exploited with varying 
degrees of success for a good many years by 
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dairy products processors. In the face of an 
unfavorable outlook for future distribution 
through supermarkets, however, these drive-ins 
or company stores begin to loom ever larger in 
the future plans of an increasing number of 
processors. 

In California, particularly, but also in other 
parts of the country, producer cooperatives have 
been especially successful in the establishment 
and operation of drive-ins, operated in con- 
nection with a processing plant, and even in 
connection with a milking parlor. 

Even more widely exploited by independent 
dairy processors have been chains of company- 
owned drive-ins or dairy stores. An Indiana 
processor with 20 milk routes and seven com- 
pany-owned drive-ins, for example, was 
squeezed out of some of his supermarket busi- 
ness, and then deliberately risked loss of all 
additional accounts of this type by refusing to 
make any concessions, after he analyzed his 
business. He found each store of his own was 
worth two retail routes. He also found each 
store of his own produced more volume than 
his entire previous wholesale business—exclud- 
ing his sizable restaurant, institution, and in- 
dustrial plant vending business! Now he un- 
destandably no longer fears losing store vol- 
ume, nor does he any longer permit stores to 
dictate the sales terms. 

A Kansas milk dealer, competing with four 
major distributors for his loeal grocery store 
volume, similarly analyzed his position and re- 
vised his operation in a manner that holds con- 
siderable more promise for his future than did 
his previous course. He, too, withdrew from 
the competitive fight for store business and 
concentrated his effort in the direction where 
he stood to profit most. Operating in a city of 
12,000 population, he continued his home de- 
Ilviery business, and concentrated sales efforts 
upon this activity; he retained his restaurant 
business, and expanded his point-of-sale pro- 
motion efforts through such outlets; and, finally, 
he exploited more fully his plant retail store, 
where he sells 14,000 qt. of milk, plus a lot of 
by-products, each week. “I had to decide 
whether to remain small and make a good 
profit,” he explains, “or expand and make no 
profit.” 

Delving further into this matter of controlling 
the outlet where the produet finally goes to 
the ultimate consumer, the most common means 
of accomplishing this for the milk dealer is, 
of course, to concentrate upon home delivery. 
Chief present-day threat to home delivery has 
been the steadily increasing cost of delivery 
that becomes uneconomic where labor costs are 
exceptionally high, or where union restrictions 
on commissions, load sizes, and the like make 
unit cost prohibitive. 

In highly unionized Detroit such a threat to 
home delivery has been nullified through sale 
of routes to drivers. This makes independent 
businessmen of the routemen, who are now en- 
couraged, through potentially higher income, 
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to increase load limits and sales efforts, as 
well as sales per stop. 

Quantity discounts, tried experimentally in 
a number of forms in various markets for a 
considerable number of years, are still another 
possible means successfully utilized by some 
milk dealers to maintain or build home delivery 
volume and make such delivery economically 
sound. 

A further step in the direction of exploiting 
home delivery possibilities has been the pro- 
motion of home bulk milk dispensers. Such 
programs have been working with varying 
degrees of success—the extent generally de- 
pending upon the enthusiasm and push of the 
milk dealer. A new development which holds 
promise for future expansion in this particu- 
lar field is the experimenting with plastic- 
lined bulk paper containers as a substitute for 
metal cans, which eliminates the problems of 
“an cleaning and can returns. 

Still another development in the experimental 
stage which has a promising potential for in- 
creased milk and dairy products sales into the 
home is a refrigerated milk box built right into 
the wall of the home—an outside wall such as 
the location of present ordinary milk chutes 
found in homes in some areas. Such construe- 
tion is being initially proposed for new hous- 
ing developments, where advance arrangements 
ean be made with a builder. Once accom- 
plished, however, such a subdivision of re- 
frigerated milk box—equipped homes would ob- 
viously hold unusual sales promise for retail 
delivery as against store sales. Deliveries in 
such areas could actually be limited to once a 
week, and unit delivery costs would then be 
reduced to a point where home delivery could 
easily compete price-wise with store sales. 

This evident need to gain control over the 
retail outlet in order to maintain volume is 
producing still another interesting phenomenon 
in dairy products merchandising that is un- 
questionably having an impact upon the dairy 
industry—nomely, the growing movement of 
producer co-ops into the processing and dis- 
tribution field. Not only processors but also 
the producers see the handwriting on the dairy 
products marketing wall, which spells out in 
large letters: The Hand that Controls the 
Sales Outlets Dictates the Sales Terms. 

The ancient division of a realm into the 
classic three estates of the Clergy, the Crown, 
and the People, was later augmented by a 
fourth estate, the Press. In our present-day 
economy, however, we may most appropriately 
add a fifth estate that for sheer power and 
influence puts the other four to shame—namely, 
this group controlling sales outlets. 

The future in this dairy industry, conse- 
quently, must inevitably see an acceleration of 
assorted movements and undertakings to de- 
velop sales pipelines direct to the ultimate con- 
sumer. Only when this new fifth estate has 
been attained, can a processor be assured that 
his business volume, requiring years to develop, 
will not be lost quickly. 
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POOL DEVELOPMENT 


J. RoBert STRAIN 
Dairy Marketing, Iowa State University, Ames 


A cow pool is a dairy installation where 
cows of many owners are housed, fed, and 
milked in a central location on contract. 

Four such pools have been opened in the Mid- 
west on this basis. The first was Fashion Farm 
Cow Pool, at Meservey, Iowa. It opened in 
August, 1958, and is operated by Carroll Mor- 
ris. Two years later, it had 400 cows milking 
and another 350 dry. Plans are to add another 
500 cows to permit a year-around milking- 
string of about 800 cows. The second opera- 
tion, Modern Dairy Farm, at Fort Madison, 
Towa, started in July, 1959, and now has 460 
cows. The operator, Herb Freel, plans to han- 
dle 600 cows in his pool. White Dairy Pool at 
Waukon, Iowa, operated by Robert White, com- 
menced operations in January, 1960, and had 
260 cows in August. 

In addition to the above privately owned 
operations there is a Cooperative Cow Pool 
near Erie, Kansas. It is sponsored jointly by 
Consumer Cooperative Association and the Ne- 
oshoa Valley Cooperative Creamery Company. 
It began in October, 1959, and in August, had 
on its roster 18 farm herds totaling 191 cows. 
Also, there are a few farmers in the state of 
Iowa servicing herds for their neighbors on an 
arrangement very similar to the cow pool con- 
tract. Several other pools have been considered, 
but none has materialized to date. 

Neither contractual dairy arrangements nor 
large herds of dairy cattle are new. The Walk- 
er-Gordon Certified Milk Farm, established in 
1891 at Plainsboro, New Jersey, operates on 
a contractual arrangement with several owners 
of cows. This establishment milks cows, mar- 
kets the milk, and provides barns for cows. 
But the participating dairymen have charge 
of the breeding, feeding, and management of 
their own herds. 

In Utah there are operations similar in sev- 
eral respects to Midwest cow pools. One estab- 
lished this last year near Logan is an example. 
The owners of the cows are joint owners of a 
16-stall herringbone milking center and they 
cooperatively market the milk that is produced. 
Each owner takes care of his own animals, 
owns the land and building where his cows are 
housed, provides his own roughage and his 
share of the grain, and takes his turn at milking. 

Many large dairy herds in California, Ari- 
zona, and Florida are similar to cow pools in 
their seale of operation and: in their use of the 
milking parlor. They differ in that the cows 
usually are the property of but one owner. 

Thus, contractual dairy arrangements and 
large herds are not unusual. The distinguishing 


characteristic of a cow pool is its contract to 
provide all, not just some, of the care and 
services given to cows of several owners. 

The Setting. An interpretation of why cow 
pools developed, if accurate, should indicate 
both the likelihood and the advisability of simi- 
lar developments in other parts of the country. 

The cow pool idea appeared in the midst of 
an upheaval taking place on Midwest dairy 
farms. The old sideline dairy enterprise, to 
sell cream and to provide skimmilk for feeding 
hogs, was disappearing. Many farmers were 
quitting dairying, whereas others were enlarg- 
ing their herds and switching from sales of 
cream to sales of whole milk. For example, 
80 per cent of the butterfat of Iowa was sold 
as farm-gathered cream in 1949, but only 41 
per cent was sold as cream 10 yr. later. As 
their herds became larger, and dairying be- 
came more important to them, dairymen have 
been seeking higher-paying markets. 

At first, the cow pool was presented as an 
innovation to assist farmers making these 
changes. The chief appeal was directed toward 
farmers selling manufacturing milk or cream 
who wished to switch to a Grade A market 
without making the customary outlay of cap- 
ital for improving facilities, building a Grade 
A milkhouse, or buying a mechanical can or 
bulk cooler, and without learning the tech- 
niques required to produce Grade A quality 
milk. 

Farmers with a few cows, managed and 
milked by their wives or youngsters, generally 
were not interested. Likewise, farmers with 
large herds specializing in dairying usually 
had the major advantages offered by the cow 
pool. They had a Grade A market. Their barn, 
milkhouse, and equipment met Grade A speci- 
fications and they had learned the skills re- 
quired to produce Grade A quality milk. But 
farmers with moderately small sideline dairy 
herds appeared interested in a cow pool as a 
means of freeing time for main farm enter- 
prises. 

Farmers needed an adequate source of cap- 
ital to be interested in a cow pool. A suitable 
outlet for labor saved when cows were removed 
from the farm usually required a further out- 
lay of capital in another enterprise such as 
hogs, beef, or poultry. For a few farmers, 
added leisure was a suitable outlet. But for 
the majority, extra capital had to be available. 
Otherwise, the cows stayed at home or were 
sold outright rather than placed in a cow pool. 

Farmers wishing to retire, or widows with 
no one to take over the dairy herd, viewed the 
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cow pool as an opportunity to continue in the 
dairy business and keep their herd together. 

Undoubtedly, no other area in the United 
States has a larger number of farmers produc- 
ing a greater quantity of cream or ungraded 
milk than the Midwest. Dairy enterprises in 
this region are not particularly large or spe- 
cialized. As a general rule, farmers are mod- 
erately well capitalized and have additional 
sourees of funds. Thus, the Midwest appears 
a natural birthplace for this type of contractual 
dairy arrangement. 

Implications. If cow pools were to become 
commonplace, they could disrupt dairying as 
we know it today. Farmers who place their 
cows in a pool may need to change farming 
or cropping systems to reduce or eliminate 
roughage production. On some farms, due to 
soil or topography, permanent pasture as well 
as specialized buildings and family labor would 
go to waste unless another enterprise could be 
added to utilize these factors. 

Loeal butter and cheese plants possibly could 
lose much if not all of their source of milk if 
local farmers tended to convert to Grade A via 
the cow pool development. 

Marketing agencies will find that milk from 
a large number of herd owners is more mobile 
when produced in a cow pool than when pro- 
duced on many seattered farms. Cow pool milk 
may be shipped great distances without the 
usual collection and reloading processes. Cow 
pool operators may choose to do their own 
marketing rather than work collectively with 
smaller farm producers in cooperative bar- 
gaining associations. 

Implications for allied interests such as feed 
and equipment companies vary. Feed com- 
panies, for instance, might view the develop- 
ment with favor, due to the possibilities it 
offers for reduced sales and delivery costs and 
a more stable feed outlet. Dairy equipment 
companies might view the development with 
alarm, since a drastic reduction in the number 
of farms with cows reduces sales opportunities 
for equipment. A few large milking operations 
apparently can not offer as great an over-all 
sales volume to the equipment industry as a 
large number of individual dairy farms. The 
converse of this concept has motivated some 
producers to establish large milking centers 
such as those found in Utah. 

However, the most far-reaching implication 
is for the integrator. The combining into one 
specialized business of several milking opera- 
tions formerly carried on many farms is an 
example of horizontal combination. But, such 
a specialized operation lends itself to vertical 
integration through affiliation with feed com- 
panies, marketing associations, milk processing 
and distribution companies, and combinations 
of these. 

The nonpool dairyman also will be affected 
if existing trends are hastened toward bulk 
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tank cooling, expanding milk sheds, and all 
milk meeting Grade A standards. 

Cow pool arrangements permit nonfarm in- 
vestors to become producers of milk without 
contributing the time or learning the skills 
formerly necessary to become a dairyman. Large 
quantities of milk produced without farmer 
control could lead to an uncontrollable surplus 
and lower prices for all. If this should happen, 
smaller diarymen would be squeezed further. 
On the other hand, if large centralized milking 
arrangements became the major source of milk, 
voluntary control of production might be more 
likely than under the current arrangement with 
many small farm producers of milk. 

Even more serious to nonpool farmers is 
the possibility that widespread and wholesale 
integration of milk-producing units with milk 
processing and distribution systems could aec- 
tually close Grade A markets now available to 
the relatively small dairymen. 

With the above setting and implications in 
mind, let us trace the development and changes 
in operation that have taken place since the 
inception of the cow pool idea in Iowa 2 yr. ago. 

Fashion Farm Cow Pool, Meservey, Iowa. 
This operation started in August, 1958, with 
facilities consisting of two milking parlors, 
each with a double row of four elevated stalls 
and a pipe-line milker, a 448- by 52-ft. loafing 
shed, and two hay storage and feeding sheds. 
The loafing shed was later extended another 
386 ft. By mid-winter, the pool contained about 
900 cows. 

Cows were grouped in lots of 100 to 180 
head, with eventual plans to group them in 
lots of 80 to 100. Each lot contained cows of 
about the same level of production. All cows 
in a lot were fed the same quantity of grain 
while being milked. The amount of grain per 
cow was determined from the average produc- 
tion of the lot. 

As the operation got under way, a number 
of problems appeared. One of the first was 
the public. Visiting areas, viewing windows, 
and provisions for handling large numbers of 
people were needed. This problem is passing. 

Drainage facilities proved inadequate during 
the first few months and required some 
alterations. 

The milking crew consisted of three men for 
each 8-hr. shift plus an extra man for relief. 
Later, the shift was reduced to two men each. 
Additional men are needed to feed and care 
for the cows and clean the lots. Currently, the 
total labor force is about 12 men, plus part- 
time help in the summer for receiving and 
stacking hay and straw. High-ealiber dairy 
labor never has been easy to locate or train. 
This pool was located in an area where most 
available help formerly specialized in the pro- 
duction of corn and hogs. This made more diffi- 
cult the job of obtaining satisfactory dairy 
labor. : 

Roughage for the first year was locally pro- 
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duced baled hay. It was piled in the hay- 
feeding sheds and in open stacks on the prem- 
ises. Most farmers supplying hay also ha 
cows in the cow pool. This permitted paying 
for hay as it was fed through credits on the 
feed bills of the herd owners. 

However, Iowa had poor hay in 1958. 
Consequently, the hay obtained locally gener- 
ally was of low quality. The next winter, a 
huge pile of silage was stacked on top of the 
ground to supplement hay feeding. A larger 
pile is planned for this winter. Summer rough- 
age is green-chop, hauled to the cows in self- 
feeding’ wagons. 

Mastitis, as well as outbreaks of pink eye, 
cow pox, foot rot, ete., harassed operations for 
a time. An Iowa State University extension 
veterinarion was asked to help set up a rigid 
disease control program and two local veteri- 
narians were retained for routine visits to the 
pool and for special services as needed. A 
hospital barn (which also houses the office and 
a lunch counter), and exercising lots, were built 
to treat sick cows, handle maternity cases, and 
to permit a 2-wk. isolation of new cows before 
placing them in the pool. One of the first 
herds of apparently acceptable cows offered to 
the pool under the new program illustrates its 
value. Veterinarians found mastitis not readily 
detected by visual observation in ten of the 11 
cows. The problem of disease control now ap- 
pears to have been solved. 

The seraping of lots and the disposal of 
manure is the most persistent problem faced 
by cow pool operations so far. Manure is placed 
on the lands of local farmers. However, dur- 
ing certain times of the year, wet springs, 
thaws, and growing crops have inhibited daily 
removal of manure to nearby farms. Unsani- 
tary premises resulted at those times. Mr. 
Morris attempted to attract a manure dehy- 
drating operation, but has not succeeded in 
doing so. 

Even cow identification posed problems. For 
instance, accidental loss of both the ear tag 
and neck chain from two or more cows at the 
same time usually required calling herd owners 
to identify cows. 

The new venture at Meservey, trying to over- 
come all the above problems, got no break from 
the weather. Their first winter was one of 
the longest and coldest winters in years. Water 
facilities failed to operate properly during a 
cold spell, leaving the cows without water. In- 
adequately trained milking crews sometimes left 
milkers on too long, reducing cireulation in 
the teats. The unseasonably cold weather out- 
side the parlor then caused an occasional frozen 
teat or udder. These problems did not appear 
the second winter. 

Quality of cows. Twenty-two per cent of the 
herds placed in the Meservey pool failed to 
cover operating costs the first year (Table 1). 
Another 48.6% failed to compensate the owner 


TABLE 1 
Summary of net income to 109 herd owners per 
cow per month, 1958-59 * 
Range of 
average net 
income per 


cow per 
month Herds Per cent 
$15.01 to 17.50 4 3.6 
12.51 to 15.00 0 0 
10.01 to 12.50 3 2.8 
7.51 to 10.00 9 8.3 
5.01 to 7.50 16 14.7 
4.01 to 5.00 10 9.2 
3.01 to 4.00 10 9.2 
2.01 to 3.00 1] 10.0 
1.01 to 2.00 16 14.7 
O0lto 1.00 6 5.5 
Negative 24 22.0 
Totals 109 100.0 


* Presented by E. O. Wright, Extension Dairy- 
man, Iowa State Dairyman, to the Dairy Field- 
men’s Conference, Purdue University, November 
17, 1959. 


fully for his investment in the cows (assuming 
an average life of three milking years). Many 
observers blame such a poor showing of so 
many cows upon the management of the pool 
and the size of the operation. Even with top- 
notch management, the pool would not have 
made an impressive record the first year be- 
cause of the quality of cows received. Less than 
3% of the cows in the pool had been on pro- 
duction testing prior to their entry into the 
pool. Undoubtedly, many herd owners did not 
know how poor their cows were until they were 
placed in the pool, where records were kept on 
them for the first time. In spite of many low- 
producing cows and possible operational and 
management shortcomings in the first year, the 
pool cows averaged considerably above the state 
average in milk production and 3.6% of the 
herds returned to their owners the respectable 
sum of over $15 per cow per month. 

Preliminary reports indicate that production 
per cow-day will be considerably higher during 
the second year of operation. Average produc- 
tion per 305 cow-days in the milking string re- 
portedly has increased from around 8,400 lb. to 
over 10,600 Ib. of milk per cow. This increase 
can be attributed to a program to eliminate 
low-producing cows as well as to improved 
operating skills. These reports are not di- 
rectly comparable to DHIA reports, because 
computations based only on cow-days in the 
milking string do not include dry time for cows 
removed in less than 305 days. 

Original plan abandoned. As noted earlier, 
the original intent of the pool was to assist 
farmers without Grade A facilities to obtain a 
Grade A market for their milk. Cows were to 
be placed in the pool when fresh and taken 
home when dry. An entrance fee of $30 per 
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cow per year was charged to permit replace- 
ment of buildings and equipment every 10 yr. 
In addition to the entrance fee, herd owners 
were assessed monthly their pro-rata share of 
the pool operating costs. These costs averaged 
about $9 per cow per month the first year. 

Payment for milk produced was based on 
monthly DHTA records of butterfat and milk 
production. 

Many owners were dissatisfied with the care 
their cows received. Some herds were especially 
hit with disease. Three herds with above-aver- 
age prior DHIA records failed to produce as 
well as they had at home. Many others were 
low-producing herds and could not pay their 
way. 

Soon nonfarm investor-owned cows began re- 
placing farm herds. Investors were not critical 
of the operation as long as it was profitable. 
They were not attached to individual cows and 
were less reluctant to replace them if they did 
not pay their way. 

Since these people had no place to take cows 
when they were dry, the pool began providing 
eare for them. After the hospital barn was 
built, taking dry cows back to the farm was 
discontinued. 

About 6 mo. ago, a new arrangement evolved. 
An investment management company contracted 
to supply all the cows for the pool. An investor 
who places funds for a herd with the investment 
management company receives a return of 
1% per month for 10 yr. The company pur- 
chases cows in his name and contracts with 
Morris to provide the care and services for the 
herd. The company receives the calves and the 
milk and agrees to make normal replacement 
of the original cow (but not if a disaster takes 
25% or more of the herd at one time). Under 
this arrangement, individual cow records no 
longer were needed as a basis for payment to 
herd owners and DHIA testing was discontin- 
ued. Thus, the original plan of servicing farm 
herds has now been abandoned at Meservey. 

Modern Dairy Farm, Fort Madison, Iowa. 
This unit, operated by Herb Freel, commenced 
operations July, 1959. Milking facilities con- 
sisted of an L-shaped building with the milk 
room in the center and a milking parlor con- 
taining a single row of four elevated stalls in 
each wing of the L. Nestled in the L is a hos- 
pital barn. 

The labor force totals seven men, including 
Freel and the herdsman. 

Each herd owner’s cows are penned together 
in units of 20 to 30 cows. Cows remain there 
the year around. Initially, herds under 20 cows 
were not accepted. 

Each herd is milked separately. Milk is 
piped into a vacuum farm bulk tank where it 
is measured for quantity and cooled. Payment 
to herd owners is based on these measurements 
and on a composite sample drawn from the 
line during milking. 
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Grain is fed during the milking operation. 
The amount each cow receives is indicated by 
the color of the tag on her neck chain. Dry 
cows pass through the milking parlor with 
the rest of the herd, to get their daily ration 
of grain. 

Freel, like Morris, planned to service exist- 
ing farm herds and had 750 cows lined up 
before he started his operation. The entrance 
fee was $30 per cow per year in advance. In 
addition, a set monthly fee of $10 per cow 
was charged for pool operating expenses, 
rather than pro-rating actual costs. 

He started operations with only two herds, 
to break in his crew before expanding. How- 
ever, these two farm herds apparently were 
unable to produce over 7,000 to 8,000 lb. of 
milk per cow. They have not shown a sub- 
stantial profit for their owners in his opera- 
tion (and probably would not on their own 
farm, either). More careful selection of the 
additional herds to be accepted resulted in only 
200 cows of the originai group entering the 
pool. 

Other than the problem of cow numbers, 
operational problems have been very minor 
during the first year of operation. Freel 
watched the problems develop in the Meservey 
unit and attempted to prevent their reoccur- 
rence in his operation. Even manure disposal 
has not been as serious a problem as elsewhere. 
Much of it goes on his own sandy bottom-land. 
The sand is more readily accessible during bad 
weather than other types of soil in the state. 

In an attempt to attract more cows, Freel 
dropped his requirement for an entrance fee 
in advance and shifted to a flat monthly charge 
of $12.50. This places the herd owners on a 
pay-as-you-go basis. He also departed slightly 
from his original intention by accepting three 
herds from nonfarm or investment type owners. 

He is now initiating a new arrangement simi- 
lar to the one at Meservey. Persons with fewer 
than 20 cows may enter them on a pooled basis 
and receive 10% per year (8344¢ per month 
per $100 evaluation) on the cost or agreed 
value of the cows. Under this arrangement, 
Freel gets the milk and the calves and replaces 
the cow if she becomes diseased or unprofitable. 
Owners under this plan may build up their 
herd and switch to the regular plan with their 
cows penned and milked separately, as soon 
as they get 20 or more cows. 

At last report, some herds were producing 
at a level equal to the best DHTA herds in the 
state. On the other hand, one of the original 
two herds was removed and the other is not 
producing well (around 8,000 lb. per cow per 
year). Freel reports that cows starting their 
second lactation in the pool so far are produc- 
ing better than in their first. He hopes the 
remaining original herd will be closer to his 
average pool production level after another 
year of operation. 

White Dairy Pool, Waukon, Iowa. This op- 
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eration commenced in January, 1960, and by 
August, had 260 cows. It differs from the other 
pools in two respects. First, milking facilities 
include a sixteen-stall herringbone parlor and 
secondly, the operator has a herd of his own 
in the pool. 

The entrance fee is $30 per cow per year in 
advance. Herd owners are also charged a pro- 
rata share of pool operating costs. These cur- 
rently are ranging from $6 to $7 per month 
per cow. 

Three men plus White, who has another job 
plus 600 acres of farmland to operate, and his 
young son make up the labor force. The small 
size of his work crew apparently is due in part 
to his herringbone parlor. It reduces total time 
required for the milking operation and releases 
the milker for other duties around the pool 
and the farm. 

Cows are to be penned not according to level 
of production or according to owner but aec- 
cording to size, breed, and temperament. So 
far, they are all penned together and permitted 
to run on the small pasture lot where they are 
fed green-chop daily from self-feeding wagons. 
Cows are fed grain while being milked. The 
quantity each cow receives is indicated by a 
colored marker on the cow. Roughage is green- 
chop in the summer, and hay from the oper- 
ator’s own farm and neighboring farms in the 
winter. Silage facilities are being planned for 
winter feeding. 

Payment to owners is based on twice-a-month 
use of milk-o-meters and monthly individual 
cow butterfat tests. 

White’s operation is in one of the stronger 
dairy areas of Iowa. He, too, planned to serv- 
ice existing farm herds. Cows generally are 
pretty good, with an all-county average pos- 
sibly 1,000 lb. over the state average of 6,540 
lb. However, he has been unable to attract 
them into his facilities as fast as he wished. 
He is currently considering accepting cows 
from nonfarm investment owners. 

The pool is still in the development stage and 
has not yet been adequately tested. However, 
cows appear to be performing at a level close 
to our DHIA average and no major operational 
problems have developed. 

Cooperative Cow Pool, Erie, Kansas. Cows 
in this pool are all farmer-owned. They are 
grouped together mostly according to their 
level of production. Cows may be taken home 
when dry or left in the pool at the option of 
the owner. 

The labor force consists of a manager and 
three employees. 

Entry fee is $30 per cow per year plus a 
cooperative membership fee for the herd owner. 
Pool operating costs are pro-rated on a per 
cow per month basis. 

Payment to the herd owners is based on 
official DHIA records. 

Prior to her acceptance into the pool each 
cow is checked by the local veterinarian. By 


adhering strictly to this procedure, disease and 
health problems have not appeared. 

Local farmers contract with the pool for 
the disposal of the manure. They provide the 
truck and do their own handling and spreading. 

This pool also is still in the development 
stage and has not been adequately tested. Re- 
ports indicate cows are performing exception- 
ally well, but more cows are needed to fill 
facilities and minimize operating costs. 

Pool development problems. First and fore- 
most in developing a pool or any other dairy 
operation, large or small, is technological per- 
formance. Experience indicates large dairy 
units can be technically sound. However, the 
concept of pooling cows of several farm herds 
appears slated for difficulty. Appealing to 
farmers in manufacturing milk areas where 
dairy operations are side-line to other farm 
enterprises first appeared a natural for the 
cow pool concept. Farmers in these areas 
seemed to need this type of service. They could 
switch to a Grade A market and at the same 
time devote full time to their main farming 
enterprises. At first, cows were readily avail- 
able. Unfortunately, more often than not, the 
cows carried in side-line dairies do not produce 
well enough to pay their way in a cow pool. 
Privately owned pools located in these areas 
are turning to outside sources to get an ade- 
quate quality of cows. 

The cow quality problem might appear solved 
by appealing to farmers in a manufacturing 
milk area where dairying is generally the main 
enterprise. But there, dairying is often a main 
enterprise simply because it suits the land and 
the people better than the possible alternative 
enterprises. Thus, cows may not be readily 
available if dairying is their best means of 
utilizing otherwise unmarketable inputs such 
as permanent pasture and family labor. Pools 
located in these areas may not be able to fill 
facilities even with poor cows, if they rely 
on local farm herds. 

Appealing to farmers in strong dairy areas 
outside of this portion of the Midwest probably 
will find a further complication. In addition 
to the possibility that dairying is their best 
alternative enterprise, many of these farmers 
may also have sizable herds, specialized dairy 
operations, and Grade A markets. Thus, the 
chief reasons dairymen in manufacturing milk 
areas were interested in cow pools probably do 
not exist in Grade A milk producing areas. 
There, a cow pool must promise reduction in 
costs or increased production per cow rather 
than an easy Grade A price to be attractive. 

Lower costs in pools?. Computations by mem- 
bers of the Iowa State University Extension 
Service indicate that physical operating costs 
(such as hours of labor per cow) of cow pools 
were lower than those of better dairymen and 
considerably lower than those of small side- 
line dairymen. As long as prices paid for these 
inputs do not vary considerably between farm 
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and pool operations, the pool should produce 
milk for a lower total cost than most Midwest 
farm herds. However, labor inputs in a pool 
are priced higher than they are valued on most 
farms, and commercial grain mixtures usually 
run higher than most farm grain rations. Nev- 
ertheless, it appears now that cow pools may 
be able to operate with a lower total cost than 
farm herds (Table 2). Estimated total costs 
per cow ranged from $373.50 to $409 in com- 
putations for farm herds, but were as low as 
$365.50 in one of the cow pools. 

However, the story is not quite that simple. 
Many of the costs, such as labor, home-grown 
feed charges, and depreciation allowances in- 
cluded in computations of total costs in Table 
2, are paid by the farmer to himself when the 
herd is at home. In the cow pool, labor, feed, 
and stall rental fees are cash expenses. If a 
farmer allows nothing for replacement of cows, 
building, or equipment in his computations, and 
makes no charge for pasture, his costs can 
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appear as low as $163.40 per cow per year 
(Table 3). 

Thus, farmer acceptance of the cow pool 
method of caring for his cows may hinge on 
how he views his noneash expense. If all costs 
are considered, whether paid at the time as 
eash or deferred until time to replace the entire 
cow, barn, or equipment, then many farmers 
will find the cow pool attractive. Farmers who 
do not consider labor and replacement allow- 
ances as costs probably will not place cows 
freely, either in privately owned or cooperative 
cow pools. These costs must be covered in time 
if the farm unit is to remain in the dairy busi- 
ness, but they may not be considered during 
short-run comparisons. 

It now appears that privately owned cow 
pools will drift toward nonfarm investor-owned 
herds as the most accessible method of obtain- 
ing suitable cows. Thus, privately owned cow 
pools, rather than solving the small dairyman’s 


TABLE 2 


Total annual per cow cost approximations for Grade A farm herds and cow pools, Iowa, 1960 











15-cow 30-cow 60-cow Cow 
Cost item herd * herd” herd ° pool ¢ 
Building and equipment costs 
Barns and lots $35.00 $40.00 $30.00 > 
Milking equipment 5.50 3.00 4.50 | $30.00 
Cooling equipment 5.00 5.00 7.50 } 
Total $ 45.50 3 48.00 $ 42.00 — $ 30.00 
Feed costs 
Grain $54.00 $75.00 $75.00 $80.00 
Roughage ° 68.00 72.00 72.00 95.00 
Pasture 23.00 22.00 22.00 
Total $145.00 $169.00 $169.00 $175.00 
Cow depreciation, 
interest, taxes, and 
insurance 27.50 56.50 56.50 56.50 
Labor costs * 152.00 103.00 76.00 ) 
Other costs 
DHIA $ 6.00 $ 5.00 
Veterinary $ 5.00 4.00 3.00 \ Range 
Bedding 8.00 12.00 12.00 f $104 to 
Breeding 7.00 7.00 7.00 | $135.50 
Utilities and | 
miscellaneous 4.00 3.50 3.00 J 
Total $ 24.00 $ 32.50 $ 30.00 
Total cost approximation $394.00 $409.00 $373.50 $365.50 
to $397 








* Assumptions include state average production (6,460 lb. milk), remodeled stanchion 
barn and new milkhouse to meet Grade A standards, a pail milker, and can cooler. 
» Assumptions include DHIA average production (10,450 lb. milk), a parlor and loafing 


shed, pail milker, and can cooler. 


* Assumptions include DHIA average production, a parlor and loafing shed, pipe-line 


milker, and bulk cooler. 


“For purposes of calculating feed expenses, production level was assumed to be DHIA 


average. 


* Roughage for farm herds was hay and pasture. For cow pools it was hay, silage and 
green-chop. It appears now that increased use of silage might further reduce roughage costs 


for either farm herds or pool herds. 


* Farm labor was valued at $1.25 per hour. Cow pool labor and operational costs were 
for partially filled facilities during the first year of operation and may be lower in future years. 
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TABLE 3 
Annual per cow eash cost approximations for Grade A farm herds and cow pools, Towa, 1960 * 
15-cow 30-cow 60-cow Cow 
Cost item herd herd herd 
Building and equipment repairs, 
taxes, and insurance $ 15.00 s 16.00 $ 19.50 $ 30.00 
Feed costs 
Grain $54.00 $75.00 $75.00 $80.00 
Roughage 68.00 72.00 72.00 95.00 
Total $122.00 $147.00 $147.00 $175.00 
Cow taxes and insurance 2.40 3.50 3.50 3.50 
Labor costs Range 
r $104 to 
Other costs (Table 1) 24.00 32.50 30.00 7 $135.50 
Total current costs $163.40 $199.00 $199.00 $312.50 
to $344 





* Assumptions are the same as shown for Table 1. 


Investor type pools and large centralized op- 
erations with all cows belonging to one owner 
are receiving considerable attention at the pres- 
ent time. Many people apparently feel these 
operations offer definite advantages in the pro- 
curement and distribution of milk. 


problem of staying in business, may have cre- 
ated a new kind of competition for them by 
facilitating production of milk from nonfarmer-— 
owned cows. Only pools established as farmer 
cooperatives are likely to serve farm herds in 
the future. 





ASSOCIATION 


IMPRESSIONS OF SOVIET 


AFFAIRS 


AGRICULTURAL EDUCATION 


R. E. Hopeson ' 
Animal Husbandry Research Division, USDA, Beltsville, Maryland 


Though difficult as this assignment is, I am 
glad to give you my impressions of the Soviet 
Educational system and program, particularly 
as it relates to agriculture and animal hus- 
bandry training. 

The USSR is a nation committed to educa- 
tion as a means of national advancement. In 
the USSR, organized education is regarded as 
a chief resource for achieving social, economic, 
cultural, and scientific objectives in the national 
interest. Soviet people seem convinced that 
education, hard work, and the postponement of 
the usual comforts of life are the best means 
of achieving the Soviet goal of world su- 
premacy. Since the Revolution, literacy already 
has advanced to a great extent. In 1926, il- 
literacy in the age group of 9 to 49 yr. was 
around 50% and in 1959 it was only 1.5%. 

Schools and universities are being built at 
a rapid rate. Education is being made avail- 
able to people of all ages. In addition to 
regular schooling for children and youth, edu- 
cation is made available in various forms to 
adults—full-time workers who are also full- 
time students—and by correspondence courses. 
The people are firmly convinced that knowledge 
through education is the key to their personal 
welfare and advancement and the achievements 
of their society. All along the educational pipe- 
line, youth and adults are taught that the high- 
est good is to serve the State—all people are 
alike and subservient to the State. Women 
are expected to be able to do anything a man 
ean do. The method is to produce a common 
Soviet character with a collective-minded pur- 
pose, whose total thinking is motivated by a 
group concept or point of view. Self is sub- 
servient to the collective position and need. 
Groupness is the technique used to develop the 
collective character and is accomplished by 
group teaching, group activity, and group 
thinking. The educational technique dwells 
much on total productive potential with more 
difficult teaching challenges continually pre- 
sented to students. Advanced learners are not 
held back by less capable learners. 

Edueation begins very early in life, with 
organized nurseries universally available for 
children up to 3 yr. of age. Kindergarten 
schooling serves children from 3 to 6 yr. of 





* Paper given before meeting of the Educational 
Committee Program, American Dairy Science As- 
sociation, June 20-22, 1960, Logan, Utah. 


age. Because most of the mothers work, chil- 
dren at these young ages are cared for in 
schools. General educational schools provide for 
children 7 to 17 yr. of age. Also available for 
young people of these ages are special schools, 
such as technical, military, workers’, and eve- 
ning and part-time. Universities, academies, 
and institutes provide various kinds of ad- 
vanced training. The general schools issue a 
maturity certificate, and higher school certifi- 
cates include semiprofessional certificates, Di- 
ploma of Higher Education, and the Doctor of 
Science degree. 

In addition to this general educational scheme 
there are many special types of training schools, 
particularly for adults, to train workers for 
greater aptitudes in the line of endeavor in 
which they are engaged. Thus, for farm work- 
ers there is opportunity for people of all ages 
to become more knowledgeable in the science 
and practice of farming. Some who pass 
through this type of training may qualify for 
study in agricultural academies for a regular 
college course. 

Higher education in agriculture is carried 
on in universities and academies that offer both 
undergraduate and graduate degrees. Some ag- 
ricultural institutes also give graduate train- 
ing toward advanced degrees. Numerous All- 
Union academies and institutes are available 
to train people for careers in agriculture. The 
most famous of these is the Timiryazev or 
Moseow Agricultural Academy. The Timirya- 
zev Academy will be used in this discussion to 
illustrate Soviet agricultural and animal hus- 
bandry education. 

This academy is the oldest (founded 1865) 
and, as it is All-Union, is the highest ranking 
agricultural school in the USSR. The aead- 
emy has five basic faculties, namely, agronomy, 
animal husbandry, fruit and vegetable grow- 
ing, soil science, and agricultural chemistry 
and economies. Theoretical and practical edu- 
eation is entrusted to 55 chairs and over 500 
faculty members dealing with general science 
and special subjects related to agriculture. 
The staff includes professional chairs, asso- 
ciate and assistant professors, and junior 
scientists. 

The academy supports a number of experi- 
mental stations and laboratories where stu- 
dents carry on much of their work in experi- 
mental and practical training. These are: 
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Field Husbandry Experimental Stations; Lis- 
itsyn Selection and Genetics Station; Williams 
Station of Soil Seience and Agronomy; Ex- 
perimental Training Dairy Farm; Vegetable 
Growing Experimental Station; Fruit Grow- 
ing Experimental Station; Pyranishnikov Ex- 
perimental Station of Agronomical Chemistry; 
Experimental Forestry Station; Experimental 
Station for Plant Protection; Floriculture 
Experimental Station; Artificial Climate Lab- 
oratory; Biophysical Laboratory; Laboratory 
of Chemical Plant Protection; Laboratory of 
Economic Research; Mikhelson Meteorological 
Observatory; Experimental Training Stable; 
Experimental Dairy Plant; and Experimental 
Apiary. There are eight experimental mu- 
seums at the academy. There is also a plant 
and an animal experimental laboratory for 
study of application of atomie energy to bi- 
ology. The animal laboratory is just being 
built. 

The faculty for animal husbandry consists 
of the following chairs (or sections) which 
are under the direction of Doctor of Science 
Professor T. E. Burdelev: (1) Anatomy of 
Farm Animals and Histology; (2) Zoology; 
(3) Zoological Hygiene and Veterinary Serv- 
ice; (4) Horse Breeding; (5) Livestock Fod- 
der; (6) Cattle Breeding; (7) Sheep Breed- 
ing; (8) Pig Breeding; (9) Poultry Breeding; 
(10) Physiology of Farm Animals; (11) Fish- 
pond Culture; (12) Bee Keeping; (13) Breed- 
ing Farm Animals. 

The academy receives a budget from the 
Ministry of Agriculture equivalent to five and 
four-tenths million dollars. They also have a 
farm income of five to six hundred thousand 
dollars, half of which is used for capital 
improvement. 

The academy operates six different farms 
in the vicinity of Moscow and several addi- 
tional farms in different parts of the Soviet 
Union. Thus, the experimental and teaching 
activities are national in scope and concern 
themselves with nationwide problems. 

The student body consists of 3,000 to 4,000, 
coming from all republics and from a number 
of satellite and foreign countries. Three hun- 
dred of these are working for M.S. or Ph.D. 
degrees. The course of study for the first di- 
ploma is 5 yr., for M.S. three additional years 
plus the defense of a thesis based on the stu- 
dent’s own research. Under general guidance 
of a major professor, the student works inde- 
pendently toward a Doctor’s degree while on 
the job, plus the defense of a thesis based on 
this difficult research. The research he under- 
takes is closely related to requirements of 
Central Soviet Union objectives. 

The objective is to train people for pursuits 
in the broad fields of agriculture, such as tech- 
nicians in the Ministries of Agriculture, agri- 
cultural teachers, research workers, techni- 
cians for State and collective farms, ete. 


The academy gives numerous types of spe- 
cial short courses, such as refresher courses 
for graduates and special short courses for 
State and collective farm managers and spe- 
cialized workers. 

Any student who desires to attend the acad- 
emy may apply for entry. An entrance ex- 
amination, based largely on competence in 
literature, physics, mathematics, and chem- 
istry is required. The higher ranking students 
are admitted. Each department or faculty is 
limited to 500 and the best students are given 
scholarships. About 80% of the entering stu- 
dents are farm-raised and about 92% of the 
students receive scholarships. The base schol- 
arships are for $30 per month the first year, 
$35 the second year, $40 the third year, $45 
for the fourth, and $50 the fifth vear. For the 
top-ranking students 25% is added, up to a 
ceiling of $70. Almost 95% of the students 
who gain entrance complete their courses. 
Approximately 60% of the students are males 
and 40% females. Each student pays $15 per 
month to the academy for living expenses. 

An outline of the animal husbandry cur- 
riculums is given in Table 1. Before graduat- 
ing, students must receive training in 30 to 
35 different subjects. The first 2 yr. of study 
are devoted mainly to theoretical training in 
basie science courses and the last three to 
specialized training in the area of their major 
interest. 

The last 3 yr. are spent largely in practical 
training and doing research of their own 
under supervision of their instructor, either 
at the central academy farms or at outlying 
State or collective farms. After 4 yr. of train- 
ing the student writes a paper on a subject 
in his field; this may be a literature review 
or a dissertation of original research. Appar- 
ently, much emphasis is given in the training 
period to practical on-the-farm experience, 
this type of activity being emphasized during 
the spring and summer, whereas class work at 
the academy is emphasized in the winter. Up- 
per classmen and, of course, graduate students 
are encouraged and required to carry on ex- 
perimentation as an important extension of 
their training. This phase of the training is 
fostered by the faculty and encouraged by a 
voluntary students’ scientific society of the 
academy, of which there are about 1,500 stu- 
dent members. Through meetings and various 
other programs, the student member partici- 
pates in an organized way in discussions and 
activities in a scientific climate. Emphasis is 
also placed upon recreation, physical devel- 
opment, and social activities among the stu- 
dent body. 

Other academies of lesser stature are lo- 
cated throughout the Soviet Union. I had the 
opportunity to visit academies at Pushkin, 
near Leningrad, which deals with the northern 
region, and the Agricultural Academy at Stav- 
ropol in the northern Caucasus region. The 
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TABLE 1 


* DAIRY 


SCIENCE 


Moseow agricultural academy named in honor of K. A. Timiryazev 


plan for students specializing in zootechnology (animal husbandry), Timiryazev 
Agricultural Academy—Moseow * ” 





Names of disciplines 


Hist. of Com. Party of USSR 





. Political Economy 

. Dialectical Materialism 

. Foreign Language 

. Basie Higher Mathematics 

. Meteorological Physies 

. Inorg. and Analyt. Chem. 

. Organic Chemistry 

. Biological Chem. with Prin. of Phys. 


and Colloid. Chem. 
Anatomy, Histology, and Embryology 
Darwinism 
Botany 
Zoology 
Microbiology 
Livestock Physiology 
Mech. and Elect. of Agr. 
Agronomy, Agriculture with Prin. 
of Soil Seience: Plant Breeding 
Pasture Cultivation 
Lvstk. Breed. and Prin. of Genetics 
Livestock Feeding and Analyses 
Zoohygiene 


. Veterinary Principles 


Obstet. and Artificial Insemination 
Divisions of Zootechnology 
a. Longhorned Cattle 
b. Horse Breeding 
ce. Sheep Breeding 
d. Swine Breeding 
e. Poultry Breeding 
Fishpond Culture 
Apiculture 


. Dairy Farming 
28. Org. of Soc. Agr. Enterprises 


Econ. Plan. of Soc. Agr. 
Stat. Bkkpg. and Accounting 
Agricultural Buildings 


2. Special Training 


Phys. Ed. and Sports 

Local Antiar. Defense 
Total 
Total hours (%) 


Hours of instruction 





Practical Course 





Labora- work, projects 
Total Lee- tory seminars, summer 
hours tures work exercises work 
160 100 60 
169 100 60 
70 50 20 
130 130 
70 +0 30 
170 70 100 
200 60 140 
120 60 60 
140 70 70 
200 70 130 
40 40 
100 40 50 10 
100 40 50 10 
100 50 40 10 
200 100 100 
200 70 100 30 
90 30 40 20 
110 +0 50 20 
120 40 50 30 
200 80 100 20 
200 90 100 10 
100 40 50 10 
120 60 60 
100 40 50 10 
130 60 50 20 
100 40 40 20 
100 50 50 
90 40 50 
70 30 40 
60 20 20 20 
30 10 20 
100 40 50 10 
170 80 70 20 
90 60 30 
80 40 40 
30 10 20 
450 450 
130 120 10 
50 50 
4,880 1,860 1,640 1,100 280 
38.0 34.0 23.0 4.0 





*Prepared by Dr. R. M. Roup, Department of 


Minnesota, St. Paul. 


>For the degree ‘‘ Diploma Zootechnik’’ over a 


proved by the Reetor, 9 July, 1956). 


set-up at these academies was quite similar 
In addition, other All-Union 


to Timiryazev. 
and Republic academies, and especially voca- 


tional agricultural schools, are used to pre- 
pare people with a more practical training in 


Agricultural Economics, University of 


study period of 4 yr., 10 mo. (as ap- 


agriculture and animal husbandry. 





s 



































when only the finest 


wit do- NESTLE’S 


Join the Dairy Processors 

who know — there is no 

finer quality than NESTLE’S 
Cocoas, Granules and Liquors. 


NN 
PETER'S* RUNKEL’S NESTLEs| 

















THE NESTLE COMPANY, INC. 


WHITE PLAINS, WN. Y. 


Ca ge A ee ie Ml -_— 











STANDARD METHODS AGAR 


Tenth Edition 1953 
Eleventh Edition 1960 


APPROVED BACTO 
~A PH A FORMULA PLATE COUNT AGAR 


Pancreatic digest of casein 5 g. “Bacto - Tryptone PASPRERTE DISET 5 g. 
Yeast extract 5 Bacto - Yeast Extract 2.5 g. 
Glucose Bacto - Dextrose. .Giucose wee 
Agar, bacteriological grade... .. ; Bacto - Agar +0 serge 
Reaction pH 7.0 Reaction pH 7.0 
*BACTO — TRYPTONE, Pancreatic Digest Casein U S P, 


has been an A PH A Standard Methods Peptone since 1923 
and a Plate Count Agar Peptone since 1939. 


According to specifications and standards of 
USP 
United States Pharmacopoeia XVI 1960 


APHA 
Standard Methods for Examination of Dairy Products XI 1960 


AOAC 
Association of Official Agricultural Chemists [X 1960 
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